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Original Articles 

SOME COMMON INDIAN BIRDS. 

No. 24. THE BENGAL TREE-PIE {DENDBOCITTA 
RVFA 7AGABUNDA). 

BY 

T. BAINBRIGGB FLETCHER, R.N.^ F.L.S., F.E.S., F.Z.S., 
Imperial Entomologist; 

.WD 

% 

C. M. INGLIS, F.E.S., F.Z.S, 

The true Crows, as anyone may observe, have tails which 
are much shorter than their wings, but many members of the great 
Crow family have tails much longer than their wings, and this 
latter group includes the Magpies and Tree-Pies, of which a dozen 
species occur within our limits, mostly in the Hill Districts of 
Northern India. The Tree-Pie, however, is rather a bird of the 
Plains, where it is sufficiently common to be a familiar object in 
most large gardens, although its curiously metallic cry, rather like 
the loud squeak from a rusty gate-hinge, if one may imagine a 
mellifluous squeak, is usually more evident than the appearance 
of the bird itself. Its most usual call is a sound which may be 
written Imh-li, hoh-li, but it has a great variety of note§, many of 
them charmingly melodious in character, others merely hoarse 
chattering volleys of sound. So far as appearance goes, the 
Tree-Pie can hardly be mistaken for any other bird found commonly 
in the Plains, being about eighteen inches long, of which two-thirds 
is tail, the bill black, the head, neck and breast sooty-brown, the bodv 
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silvor-grcy on M,n wingn. nnd tl.n 
g ai greyish darkest, at the base and broad! v tipped with blaek 
Dunug flight the tail is spread out and, as the tiil^catlrs ^ 
unequal m length, tlie middle feathers lieing tlie longest and the 

. . eiigtli of tijc iiiKUle ones, tlie expiinile,! tail elves tills |,inl 

a unons appeai-anee when on the wing' Like nn.nt otlir Wed, 
Iree-Pie has split up into .several local races, of wliicli five 
,M„ I ""'«*■ (M the*, lioweve.-, 'three' 

aie conaiied to Burma, and need not he more than alluded to here 

The two Indian forms, in which the colours of the head „d haeh 
contrast strongly, are the t t>- /rt / ^ 

which is lighter' both above a id 1 r' P™''™”'"" "i/h rufi) 

^ darher and ™re richlv eo.„.lStr:,:2 ' 

Garhwal TLo D i ' ^ und the Punjab as far as 

tironghout the ule/p” " T"d 

under a; general LrofthTw^'”'*'' 

in pata^o2man 

continuaUy prying about f another and 

early morLg e;*^ 

insect food • ft ifa voo^ seen m trees on the himt for 

and tail, rather hke I woolT^ar claws 

stems and branches whilst it'selvdT overhanging 

smaU insects. Some of its JT ^ 

most in. trees and busbp ^ is obtained on the ground, but 

The late C. W. Mason state^Lt "^tMa b'^d 

piMttei seeds, It takes^a v “'>* WMsutly damage crops or 

'' " 'I r; I ^ ^ r fv^f 1* | : ; ; . ! ; ' • ' ■ * 
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miilbemes, Sissu seeds, etc, ' Of cultivated' fruits, when 
they are in season, it talces peaches, loquats, plantains, etc., and 
besides eating the fruit on the trees it will often knock off a 
considerable amount more. Not only does it thus damage the fruit, 
but it also breaks off small branches ( which often contain fruit buds) 
of brittle-wooded varieties of trees when it alights on them, and 
is therefore not to be desired in a carefully kept orchard. Leaves 
and buds of various sorts are also* eaten, but apparently only of 
wild plants. The Tree-Pie’s insect food is very varied, but 
undoubtedly some preference is shown to caterpillars, principally 
Geometrids and some other smooth varieties — I have never known 
it touch a hairy one — to beetles, which are mostly Tenebrionids, and 
to a less extent to the common wasp, Polistes hehrcms ..... It 
does not as a general rule take crickets.” It is fond of silk- worm 
caterpillars and, when it can obtain acc’ess to these, may be a 
nuisance to silk- worm rearers. The food, however, is very varied 
and one’s impression is that it is more largely of an animal nature 
than Mr. Mason’s records indicate. Lizards and spiders are greatly 
relished and a Tree-Pie will often make a regular practice of hunting 
around the verandah of a bungalow in the early morning to snap 
up any lizards or spiders which may be recovering from a Surfeit 
on the insects attracted to the lights the night before. Mrs D’ Abreu 
examined at Nagpur a bird whose stomach contained a mouse, a 
Buprestid beetle, a caterpillar and two Pentatomid bugs, and at 
Pusa I have seen one carrying a very fair-sized snake which I 
managed to make the bird drop and found it to be a Tropidonotus 
stolatusy upwards of two feet long ; the snake when rescued was 
alive and active but bore marks of the bird’s mandibles and would 
undoubtedly have been eaten. The Tree-Pie is also a confirmed 
robber of the nests of other birds, especially of doves, stealing and 
devouring the eggs and young of all the smaller birds. Like many 
other birds, the Tree-Pie has his geod and bad points, but on the 
whole it is apparently beneficial. 

The breeding-season is from February to July, from February 
to March in the South and from May to July in the North, but is 
not well-defined and eggs may be found both latex and earlier 
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than the period normal to any particular localily. Tlic nest is 
nsnally placed well up in a large tree but may at times be built in a 
thorn hedge, thorny bush or in a cactus clump. I'lic nest is a not 
very large but rather untidy mass of twigs, ritots and nii'icellaneous 
material, carelessly interwoven and lined with roof s or at t iines with 
softer material. Three to five eggs are laid as a rule, most often four, 
rarely six, but in the South only two or tlircc, and the eggs, which 
average about 29 by 22 mm., lielong to two types, one pale greenisli 
blotched and spotted with fuscoms, the other pale reddish-white or 
salmon-colour with blotches of reddisli and dark brown and other 
underlying blotches of lilac and neutral tint ; the former type is the 
commoner in North Bihar. The young birds are fed almost entirely 
on caterpillars and perhaps also on fruit to some extent. 

The Tree-Pie has not been given legal protection in any part of 
India. Apparently it is considered well able to look after itself. 
Being conspicuous, it rejoices in various name.s in different parte of 
the country ; Stuart-Baker states that the Bengal race is called 
Bobalink by Europeans, but this name belongs rightly to an 
American bird and I have never heard it used in India, although 
it is to some extent descriptive of the Tree-Pie’s note ; in North 
Bihar the local vernacular name is kokayd, in Bengal it is also called 
kotri, tahka-chor md handi-chmka, in North Uachar kash-kurski, 
in Assam Molo-Moa, in Hindi-speaking areas maha-lat., at Lucknow 
WMtri, in Sind maUah and chmid, and in Telugu-speakiug districts 
gokurayi &}ixd kond-kati-gada. It will be noted that many of these 
vernacular names are also expressive of the various calls uttered 
by this bird. 



SOME ECONOMIC PLANTS OP THE NAGA HILLS * 


J. H. HUTTON, C.I.E., M.A., I.C.S., 

Deputy Gommissioner, Naga HUls, Assam. 

I ouaHT at the outset to state that I am no botanist. The 
plants and trees subsequently mentioned have been identified for 
me by Mr, A. C. Tunstall of Toklai. I did not even collect them 
all myself, as Mr. H. G. Dennehy collected many of them and 
Mr. J. P. Mills others. The real justification of this paper is 
less that it may impart information than the hope that it may 
elicit it. 

The area from which these plants come is that of the ranges, of 
hills separating Assam from Burma, the highest peak of which is 
Sarameti — 12,000 feet. The fauna, at any rate, of this area combines 
Himalayan with Burma types, a statement which applies to the 
human as well as other varieties, as the wild tribes inhabiting'these 
hills are of exceedingly mixed origin. At the same time, they have > 
probably changed little since Ptolemy wrote of their habitat as the 
“ kingdom of nakedness ” some 1,600 years ago. Some of the 
tribes still go stark naked in their villages and even when visiting 
the plains of Assam to trade. 

The Chiing Naga tribe has a tradition that the wearing of 
clothes began by the use of nets for the carrying of children by their 
mothers who needed both their hands for work in the fields. 
However this may be, it seems likely that the use of fibre preceded 
that of cotton in their case, as some villages which can get cotton 
do not spin or Aveave it, although they do spin and weave in fibres. 
These fibres are usually made from the covering of the stalk 
•• immediately under the bark. The fibres actually in use for making 


* Paper read at the Botanical Sectiou, Indian Science Congress, 1923, 
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Finer net bags, fishing nets and net purses for earrying 
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(.8) a dwarf Hiimous bearfng floors in Jut whM 7“* 7 “ 
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Another plant, the use of which (for making thread and cloth.) 
is traditional only, is (9) Sterculia colorata, a big forest tree bearing 
red flowers in August so prolifieally that the Aos call it 
‘ reverberation”. It grows in forest land chiefly near water and at 
any height up to about 4,000 feet. 

Yet another is (10) TJrena lobata Linn., a branching shrub with 
pink flowers that give place to prolific burrs, so much so that the 
Ao name for the plant is Mmendtsu, “ adhering to the hair 

So far all the plants said to be used for thread and cloth are 
only traditionally so, but further south we find the Angami hTagas 
actually using three plants from which thread and cloth are still 
regularly made. It is perhaps worth noticing that the general 
culture of the Angamis is higher than that of the Aos, which suggests 
that the Aos have lost the use of their traditional fibres by a decline 
rather than an elevation of culture. Bc?fch tribes spin and weave in 
cloth, thoxigh the Angami work is distinctly superior. The fibre 
plaiits still regularly used by the Angamis are Pouzolzia vimiTiea 
Wedd., the fibre of Avhich is used for making a coarse but very 
lasting cloth, and Girardinia heterophylla, the stinging nettle already 
mentioned (No. 7) with a large three-pointed leaf, and Bcehmeria 
platyphylla, a “dead nettle” with a single-pointed leaf, ‘both of 
which I have seen growing up to a height of about* 7,000 feet. 
These two yield a finer thread than the first ; it is mixed with cotton 
and woven into an excellent white cloth. The last-mentioned of 
the three, however, seems to be going out of use for some reason 
which I have been unable to find out definitely. 

In addition to the foregoing, Pueraria tlimmom Bih., or perhaps 
P: t1mnbergimia, ii not both, is used by Serna and Lhota Nagas to 
provide a fine cord for making heddle strings for looms. It is a 
creeper bearing bunches of deep purplish blue wisteria-like flowers 
in October. With the exception of this plant, the fibre plants which 
I have mentioned are given by Watt in Economic Prodticts of Lndm^ 
but unfortunately he does not always say whether the quality of 
the plant mentioned is known to the inhabitants of the localities' in 
which ii is found, or who those inliabitants are. He does not always 
seem to give the locality, and in any case deals with India only. 
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The use of jungle fibres for cord, nets and ultimately cloth is 
perhaps in no way remarkable, and it is perhaps natural that with 
the introduction of cotton the use of fibres for cloth should disappear. 
The use of plants for dyeing, however, is a different matter, as the 
processes are some of them very complicated. In all cases the 
material to be dyed is boiled with the bark, wood, leaves or fruit, 
more often one of the two former, of the plant that yields the dye. 
In some cases this is enough to ,give a fast colour, in others the 
addition of a second plant as a mordant is necessary, in yet others 
a double process is required, the material having to be dyed a 
different colour first and then redyed to get the desired tint. The 
dyes used by tlie Angami Nagas are not very numerous and some 
of them are well known. The plants that follow’^ are all mentioned 
by Watt, though in the case of Macaranga denticulata and Rhtcs 
setni-alata he does not mention thSt they liave any properties of 
value in dyeing. The Angfunis cultivate Strobilanthes jlaccidifolim 
Nees for the dark blue and black colour which it yields ; red they 
obtain from cordifolia L. and from E. sikkimemis Kurz, 

yellow from Berheris negxilensis Spreiig., all wild plants. As a deep 
red cannot be obtained from madder alone, the material is first 
dyed yellow w'ith Sgmplocos grandiflora W all. or S. spicata Roxh., 
and then redyed with one of the madders. A sort of drab fawn dye 
is obtained from Co-rdia Myxa L., the leaves giving a darker tint than 
the bark. As mordants Macaranga dmticulaia Mull Arg., Morinda 
angustifolia Roxb. and Rhm semi-alata l&VLXX. am used, each with the 
dye to which it is suited ; thus Macaranga is used with R. cordifolia, 
and Jfomida or the berry of S/twa with R. sikkimemis. With 
Strobilanthes, Berberis and Gordia Myxa no mordant is necessary. 
To dye a fast lamp black the material is first boiled with Maccwanga 
denticidaia and tlien dried off, the remaining liquid being mixed 
with a black mud in which the material is again steeped. The 
iron salts in the mud act on the gallic acid in the Macaranga and 
produce a fast deep black. 

' Perhaps the most interesting point about these processes is 
tlie question of how they eonre to be knowm to these decidedly 
primitive tribes, whose communication with the outside world seems 
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to have been almost nil until quite recently, at any rate for a very 
long period of history indeed. If botanists could state for the 
benefit of anthropologists in what other parts of the world, in 
particular, parts other than Assam, India and Burma, the dyes 
and fibres used by Naga tribes are actually used or are known to 
tradition, the information would be of the greatest value in 
determining the affinities of Naga culture. 


LINKAGE RELATIONS IN THE COTTON PLANT.* 


BY 

K. 1. THADANl, M.Sc. (Teks), B.Ag., F.L.S., F.R.H.S., 

Cotton Breeder in Sind. 

The discovery that tbe development of certain characters 
in organisms is linked with that of certain other characters has 
been one of the most interesting results which have followed from 
the vigorous study of the problems of lieredity in recent years* 
But so far little work in this direction has been done in the case of 
the cotton plant. And yet there is a very wide-spread belief among 
those who have grown the crop that such linkages occur in tins 
case. It is, for instance, generally believed tiiat a tmtton sued 
which gives a high percentage of lint (ginning percentage) is not 
likely to be a cotton of long staple. This particular point is one 
which I have not yet been able to study, but I have to pia(;e several 
clear cases ’of similar linkages which I have observed in studies on 
American cotton. , 

Single LINKAGE. 

Case 1 (a). Linkage of seed fuzziness and amounl of lint on the 
seed in cotton. 

The factors involved are (A) which determines tlio naked 
condition of the seed-coat and its allelomorph (a) representing 
fuzzy seed ; (B) represents high amount of lint and (b) low amount. 
Both of these characters are easily distinguishable by tlio naked 
eye. The parents involved in thb crosses are Naked low (Ab) and 
fuzzy High (aB). The Fj hybrid is Naked High (AB) and in F3 the 
segregation is in the ratio 2 Naked High (AB) : 1 Naked low (Ab) ; 

* Paper read at tlie Botaaical Beotion^ Jbdian Science Congress, 1923 
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1 fuzzy High (aB) : 0 fuzzy low (ab) as per data given in the 
following table. 

Table I. 


segregation of cross Naked low {Ah) X fuzzy High {aB). 




No. OF INDIVIDITALS 


Serial 

No.' 

Cross 

Naked 
High , 
(AB) 

Naked 

low 

(Ab) 

fuzzy 

High 

(aB) 

fuzzy 

low 

(ab) 

Total 

No. 

1 

No lint X Iionestar 

9 

5 

5 

0 

19 

2 , 

No lint X Texas rust . , 

27 

14 

14 

0 

55 

3 

Acala X No lint 

34 

19 

18 

0 

71 

4 

Acala X No lint . . i 

■ ■ ! 

33 

16 

16 

0 

65 

Observed totals . . 

103* 

54^ 

53 

' . '0 

210 

Eatio 


2 

1 

1 

0 


Calculated on independent segrega- 
tion . . 

118-1 

39-4 

39-4 

13*1 

^10 

Calculated on complete linkage 

105 

52‘5 

52-5 

■ 0 

210 


The calculated ratio based on independent segregation falls 
short of agreement with the observed totals ; even though when 
each pair of characters is considered separately the agreement with 
the monohybrid ratio is very satisfactory. Thus for Naked and 
fuzzy characters the observed totals are 157 : 53 and for High and 
low amount of lint the observed totals are 156; 54, which are a 
very close fit for a 3 : 1 ratio. Taking each pair separately, the factors 
evidently segregate in the normal Mendelian fashion ; but the excess 
of the parental types and the corresponding reduction in the 
type and also the total absence of the fourth phenotype (fuzzy low) 
composed of both recessive members of these two pairs of characters 
in the P 3 generation indicate that the factor (A) representing Naked 
condition of the seed-coat and fa(?tor (b) representing low amount of 
lint, which both came from one parent, and their allelomorphs ^(a) 
and (B), which came from the other parent, do not get separated ; 
and the observed totals are in agreement with the expectations on 
the basis of complete linkage. The factors, therefore, seem to 
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display complete linkage. Further evidence of this conclusion was 
obtained from the behaviour of tlie F 3 generation as shown in 


liable II. 


Table 11. 


F;, .geaemtiea 0 / cross Nalvd loiv (Ab) x fuzzif Uujh (aB). 


Phenotype 

s Mo, of E, ■ 
i individuals 
tested 

1 Biihaviour of progeny 

(Jcneti'c 
■ constitution ' ■ 

i 

i 

•XakedHighCAB) , 

.. i: ' lojb , ; 

All individuals heterozygous for both 

1 . 

1 a: a B b ' 


factors . . 

Xaked low (Ab) 

. . ■ ■ . 54 ■ ' i 

All individuals lioinozygous 

A A 1) b ; ■ 

fuzzy High (aB) 

. . i ' 5S 

■ i 

Ditto .. .. 1 

'a. 'a B B 


The above table shows that Fi type, that is to say, the Naked 
High (AB), can only exist in heterozygous condition and it is 
inipossible to breed that type in homozygous state. Further, 
the parental types obtained in the F., generation refuse to split 
in the F,, generation without exception, and breed true to type ; 
which is quite contrary to simple Meudelian inheritance, in which 
case we must expect a certain proportion of the individuals proving 
to be heterozygous for the dominant factor. The results obtained 
justify the conclusion that the factors (A) and (b) and pice versd 
(a) and (B) are completely linked without any cross-over * which 
accounts for the absence of double-recessive (ab) fuzzy low t}q>e. 

Case 1 h. A cross involving three pairs of factors two of ivhich 
are linked. 

One of the parents called “ Texas Rust ” has fuzzy seed 
represented by factor (a), high amount of hut (B), yellow cotton (C). 
Thus the phenotypic formula of this parent would be (aBC). The 
other parent called " No lint ” has Naked seed (A), low amount of 
lint (b) and white cotton (c). Tluis its phenotypic formula would 
be (Abe). In the cross aBC x Abe the Fi liybrid is ABC and 

Fj segregation is given in Table III (Text-fig.). 

■ ■: ^ ^ ' . 

* The possibility of a iniiiuie percentage of oross-over has still to be asceifained by 
growing a larger population. 
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Table III. 


F« segregation of cross Naked low white {Abe} X fuzzy 
High Yellow \aBG). 


Phenotype ■ | 

Phenotypic formula 

No. of individirils 
observed 

Naked -High-Yellow . . . . . . ^ 

ABC 

22' 

Naked-High-white , . , . , • • 

ABc 

5.^ ■ 

Naked-lcw~YelloM' . . , . . . i 

AbC 

9 

Naked-iow-white . . . . . . 1 

! Abe 

■5 . 

fuzzy-High-Yeliow .. .. 

i a,BC ■ 

10 

fuzzy-High-white 

aBc 

' 4 ■ 

fuzzy-low-Yellow" .. .. .. 

; a be 

0 

fuzzy-low- white 

1 abe 

0 

Totai, . . . . . . 


'do 





,-V> m 

’ : 






$ \ mmm. 


No Lint X Texas Bust. 
Toj) — Parents ; Middle— F, hybrid ; Bottom— Pg gene 
two segregates— Yellow t)C or Co, low bb, fuzzy aa ; and w 
iSaob individual section in the row shows : Top— seed < 
right — ^lii^t from one ^ ^ 
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Wlieii (‘iK.'li pair of characters i.s considered separately, flic 
agreement with monohybrid ratio is .satisfactory ; tlie oliserved 
totals for each of tlie three pairs of characters being 41 : 14. The 
ratio is a very close fit so that if only one individual were added 
to the dominant class it would be a perfect 3 : I ratio. But when 
two pairs of factors are considered in relation to one another, the 

following dihybiid ratios are obtained. 

« 

Table IV. 


Fi dihifbi'id ratios in the cross Ahc x ciBC. 


Bihybrib oombikations 

Phenotyiies 

Obnerved totals 

. liatiu 

^ 'No. 

Formula 

, 


•Ab 'X itB' 



AB: Ai> :aB:nb 

27 ; U: 14 ; C) 

2 : 1 : 1 :0 


' ' ^A.o X a-C ■ 

AC : Ac ; aO : ao 

31 : 10: 10:4 

1 » : 3 : 2 : 1 

. S 

: bvx 'BO' 

BC: Be: bO : bo 

32: 0: 9:5 

i 9-3 : 2-0 : 2 fi : l-ii 


The above table show.s tliat tlie factor for colour when considered 
in relation to the other two factors seems to display simple 
Mendelian inheritance, but the factors for seed fuzziness and amount 
of lint 5.isplay complete linkage. This conelusion w'as confirraed 
by the study of the behaviour of the various phenot 3 rpes in the 
Fg generation which has been described in Table V. 

Table V. 


Fs gmeraiion of the cross Abo x aBG. 


Phenotype 

> 

No, of 
individuals 
tested 

Fonnula 

Behaviour 


Genotypes 

represented 

In the group 

Naked-High-Yellow 

22 

ABC 

Some individuals heterozygous 


' .'NakM^ttigh-vrMte 

5 

ABc 

for A and B only . , 
qlhers heterozygous for all 

All heterozygous for A and B 


Aft Bb 00 

Aft Bb Co 

Aft Bb CO 

Na, ked-low-Y ellow 

9 

AbC 

Some heterozygous for C only 


AA bb Oc 


6 

Abo ^ 

others homozygous 

All homipzygous 


AA bb GO 

AA bb 00 


10 

aBO " 

Some heterozygous for 0 only 


aa BB Oo 

fn2izy--Higb.--white ' 

4 

aBc 

oth^ homozygous 

AE homozygous 


aa BBOO 
aa BB co 


h ^ 1 1 ; 1 i 

n U ^'1 i 
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Case 2. LinJmf/e of vegetative colour with fruiting habit in 
cotton. 

In a cross of “ Red leaf ” with several other American Upland 
cottons it is found that the red coloration of the plant is linked ovith 
cluster habit of fruiting as found in the “ Red leaf” parent, and 
vice versd green colour of the plant is linked with non-cluster habit 
of fruiting as found in many of the Upland cottons. 

The factors involved are (Gr) for red colour, (g) its allelomorph 
for green colour, (D) for Non-cluster fruiting and (d) its opposite 
for cluster fruiting. In the cross Gd X gD, the Pj hybrid is GD 
and Fs segregation is given in Table VI. 

Table VL 


Fi segregation Red cluster X green N oo%-cluster . 



n 

KO. OP Tt.T>IVlDUALS 




Red 

Red 

green 

green 

'■]"OT.4L 


Non-oliiBter 

cluster 

Non-clnster 

cluster 



(GD) 

(Gd) 

(gD) 

(gd) 

% ■ 

Durango x Bed Iwif , . 

64 

23 

29 

1 

0 

116 

Aoala X Bed leaf 

2v 

10 

13 

0 

45 

Ditto, ' ■ . , ' , 

30 

10 

18 

0 

58 ' 

Bowden x Bed leaf . . 

20 ■ . 


13 

0 


Observed TOTALS 

136 

48 

73 ; 

0 , 

■ .257 


The investigations in these crosses have reached this stage 
only ; Fj generation when raised would provide further material 
for determining the mode of inheritance in this case. From the 
results obtained it is evident that this is another case of linkage 
between two factors in cotton. Although the ratios in several 
crosses are rather disturbed, still considering the first two crosses in 
Table VI, they come almost near the mark on the basis of complete 
linkage. 

Triple linkage in cotton. 

In the cross “ No lint” X “Red leaf,” there are four factors 
involved, and three systems of linkage are found in one and the 
same cross. This cross is represented by the formula AbgD X aBGd. 
The Fi hybrid is ABGD and the Fo segregation is shown in 
Table VIL 
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Table VII 

segreffatirm MgD Y uBGd cotian crosa iitroJmig three 
systems of liukaye. 



Fonuuin 

No. id iiiflividuals 


AliClD 

in 

„ -cluster 

MMUi 

■ 

„ ■ '-green-Nou-ehister . . ■ 

.XBgU 

■ 1,1.. 

„ -cluster , , ... 

AHgil i 

0 ■ 

Naked-low -Red-Nou-c^hister ^ 

.Vb<il) 

.n 

„ „ „ -cluster . . . . 

AbOd 

. .‘i . , 

„ „ -greeu-Nou-cluster 

AbsD 

10 

-cluster .. 1 

Abgd 

0 ■ 

fuzzy-High -Red-Nou-cluster , ■ . . ... 

JlBCrf^ 

14- , 

,, „ -cluster .. 

aBGd 


„ „ -green-Non-eluster 

aBgl> 1 

. 0 . , 

„ , , „ -cluster .. .. 

j aBgd 

0 . ■ ■■ 

fuzzy-low -Red-Non-cluster . , • • 

; abOD 

■ 0 

„ -cluster . . . . 1 

1 abGd 

0 

„ „ -green-Non-eluster . . . . 

abgT) 

0 

„ „ „ -cluster 

abgd 

,0 

Total*.. 
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The Fa segregation here displayed is not in acrordance with 
the' expectations based on independent distribution of the four 
pairs of factors involved in this cross, since only nine phenotyjjes 
have appeared. Evidently it is a case of linkage. In order to get 
an idea as to which factors are linked in this cross, we should 
examine dihybrid ratios as given in Table VIII which has been 
compiled from Table VII. 


Table VIII. 


Fi dihybrid ratios obtained in cross AbgD X aBGd. 


DlHYBBrD COMBIKATIOISS 

Phenotypes 

' Observed totals 

No. 

1 

Formula 

'.'.I"., 

''Ah 

adi ■ . 

AB: Ab:aB;ab 

"HI : 19 : 22 ; 0 

,■■2'."'. 


X Od 

GD : Gil : gD : gd 


.‘3 

'>« 

X BG 

BG : B«^ : bG s bg 

:S8..::20l'B sio- 

4-.; 

bO 

X Bd 

BD rBd : bl) ; bd 



Ag 

X aG 

AO : Ag : aO : ag 

^''30:, 25; ''17,:^ 5 

6 

AD 

X ad 

AB ; Ad ; al> ; ad 

47: 8:19: 3 
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The above table shows that, of the six possible dihybrid 
combinations in this cross, the last three seem to follow 
independent Mendelian inheritance although the ratio of 9: 3: 3: 1 
is greatly disturbed; the first three are apparently cases of 
linkage. 

Conclusion. 

In conclusion, it will be seen that there is evidence of the 
linkage of certain of the seed characters in American cotton. And 
this fact may be of great importance in breeding tj'pes of cotton of 
commercial value. In certain cases it will be impossible to combine 
characters, which may be desirable, and this should always be borne 
in mind by those who are studying the crop. In case two pairs of 
factors are completely linked, it will not be possible to obtain any 
combination other than the parental ,type. If partial linkage 
occurs, a much larger number of plants will have to be grown in the 
segregating generations than would otherwise be necessary in 
order to obtain the combination desired, ^ 


» 
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POLLINATION METHODS AMONGST THE 
LESSER MILLETS* 

BY ■' 

W. YOUNSMAN. B.Sc., 

Economic Botanist to Governimnf, Central Provinces ; 

AND 

S. a ROY, L.Ag., 

Assistant Economic Botanist, Central Provinces. 

Theke is a collection of food grain plants known as the lesser 
millets, called lesser because they are smaller in habit than the 
juar$ {Andropogon Sorghum) and bajras {Pemisetum typhoideum) 
which are the greater millets. They yield a small coarse grain 
and are only grown by the very poorest of the population in the 
poorest of soil which will grow practically nothing else; a hill 
slope that holds no water often being where they are grown. I’hese 
lesser millets are all included in Hooker’s Panicese which also includes 
the greater millet bajra. The Paniceae are a very diverse group, and 
the various genera Hooker includes under this head do not appear 
in all cases to show close natural relationship. In one character 
the lesser millets, however, show considerable uniformity. They 
are mostly self-pollinated. The way in which this is attained is 
interesting in different cases. Self-pollination is as common amongst 
the lesser millets as it is rare amongst the greater. 

Panicum miliare seems in nature to be almost entirely selfed 
in spite of numerous neighbours and what appears abundance of 
opportunity for cross-pollinationT We experienced no difficulty in 
crossing it artificially, but we found the process of emasculation 
to be a very delicate operation. The difficulty js that the flower 

* Paper read at the Botanical Section, Indian Science Congress, 1923. 
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rarely stands the treatment necessary to open the glumes in bud 
condition for the operation. In spite of this difficulty we did 
succeed in a few cases. Another method we employed for effecting 
cross-pollination more readily is the following, but very great care is 
required to avoid selfing. In this we allowed the glumes to open of 
their own accord and at once removed the anthers with fine forceps. 
Any spilled pollen grains we removed from the stigmas or other 
parts of the flower by a delicate spray of water from the fine jet of 
an ordinary chemical wash bottle. 

In nature, crossing is prevented almost entirely by the short 
duration of time occupied in the blooming of the flower and also by 
the comparatively^^ small number of flowers opening on a plant at the 
same time, so that any individual is not immediately^ surrounded by 
an enormous number of blooming neighbours. The time between 
the opening and closing of the flower we found to be from 15 to 20 
minutes only. At Nagpur, the flowers open between 9-30 a.m, and 
10-30 A.M., the actual time depending upon atmospheric conditions. 
The glumes open and gape apart, this being brought about by the 
expansion of the two lodicules at the base of the ovary which push 
the pales apart. The styles and anthers are packed inside the 
upper pale in a peculiar way. In a young flower the styles stand up 
like a pair of horns from the top of the ovary, with a slight bowing or 
curvature near their bases, the convex side being outwards (Fig. 1). 



Pig. 1 Pig. 2. Pig. S. 

Stigmas protruding from 

the flower. ■ 

■ ■ ■ 

panicum miliare ; upper pale and stigmas only. 

Later the styles elongate and the stigmas are arrested by the 
incurved edges of*the apex of the pale. This causes the two actively 
growing styles to cross over each other twice, once at the top of the 
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original bowing and again just below tho stigmas (Fig. 2). At the 
same time the anther stalks increase in length to such an extent 
that a kink appears in them (Fig. 5). The filament, as its length 



Fia. 4. Fia. 5, . Fia. §. 

Yomig stage; one Older stage ; sli, owing Stage after opening 

anther taken ont. increase in length of of Sower. 

Other two are behind Slament and its kink, 
the styles. 

■■ ^ 

Pauicum mUkfrei lower pale removed, 

increases thus, becomes folded, but always remains elastic like a 
spring bent upon itself. The tension readies such a pitcli that on 
the commencement of the opening of the glumes, tlie atvles and 
filaments, at once, with explosive, suddenness, spring out. The 
flowers that are ready to bloom can be made to do .so immediately 
by just drawing the inflorescence through one’s closed hand, the 
slight pressure starting the springs to work, as it were. Soon after 
this, the anthers begin to burst, one after another, while still 
encircling the two stigmas. This bursting takes place by sudden 
spasmodic jerks and the pollen grains are thrown out with great 
force in all directions. As a result of this, the stigmas almost 
invariably get pollinated at a period within two minutes from the 
commencement of the opening of the glumes. The anthers, soon 
after bursting, shift their positions and in so doing rub against tlie 
stigmas and then fall out of the flower, assuming the pendant 
position. The glumes remain gpen for about 15 to 20 minutes 
and then close again, the stigmas generally remaining out on 
either side, rarely going back with the closing of the glumes. 
The crop, therefore, as a rule, is seif-poilinated.' The chances of 
cross-pollination come in only when the glumes have just opened. 
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and fhe blowing in of some foreign pollen on to the stigmas, 
before the bursting of the anthers, might effect it but it is rare. 

In the case of smmn {Panicum crus-galli, var. frumentacmm) , 
another of the lesser millets, which is also often used as a food crop, 
the pollination is slightly different. The flowers open much earlier, 
between 7-30 and 8-30 in the morning. The glumes open more 
slowly than in Panicum miliare and the stigmas and the anthers 
come out simultaneously through, the opening of the glumes. The 
stigmas spread out immediately on either side, while the anthers 
hang about them without dehiscing for about 1 to 1| minutes and 
then burst in the same jerky fashion as in Panicum miliare, throwing 
the pollen all around. They never assume the pendant position as 
in Panicum miliare but remain close to the stigmas until the flowers 
close back again after remaining open for about half an hour. 

In Tiodon {Paspalum scrobhulatum^, only about 5 per cent, 
of the flowers have been found to open at ISTagpur, the rest are all 
cleistogamous, always remaining closed. The flowers that open, 
do so between 7-30 and 8 o’clock in the morning and remain open 
for about 20 to 30 minutes. Soon after the opening of the glumes, 
the anthers burst and the stigmas spread out on either side. 
Self-pollination takes place immediately and then the glumes close 
back. The cleistogamous flowers are so numerous in -comparison 
with the others that it is rarely that one meets with an open 
flower in a morning. 

A result of the almost general self-pollination amongst the 
smaller millets, as indicated above, is the remarkable uniformity 
of the crop. A field study of these crops reveals but few varieties. 
The greater millets, in which crossing is considerable, on the other 
hand, show many varieties. The varietal characters amongst the 
smaller millets are often such insignificant ones as stigma colour, 
variation in the size of grain, and branching habit. 


FURNACES FOR THE MANUFACTUHE OF a(IH. 

BY 
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Professor of Agriculture, Punjalt AgriciiUurnl College, Lt/alliiur: 

AND 

Sardab Sahib KHARAK SINGH, M.A., 

Associate Professor of Agriculture, Punjab Agricultural College, Lgallpur. 

As a sugarcane producing province, the Punjab ranks second 
in importance in India, The area annually under this crop varies 
between 4| and S lakhs of acres. This represents some 18 per cent, 
of the total area under sugarcane in British India. It is generally 
considered to be one of the best paying crops which the average 
cultivator grows, and with him its area is limited mainly by the lack 
of sufficient irrigation water for a larger area . This at least holds 
good for canal and well irrigated lands. So far as its water 
requirements are concerned, it makes greater demands than any other 
crop, requiring during its growth some 12 to 15 irrigations (in a 
district where the annual rainfall is 13 inches) as against four for 
wheat and five or six for cotton. 

In the canal colonies of the Punjab, the average cultivator 
puts one acre per square, or about 4 per cent, of his land, under 
sugarcane. From this area he eventually gets about 30 maunds 
(1 maund = 82lb.) ofg'Mr(crude, um’efined sugar) which is the form in 
which he usually disposes of this crop. This quantity is the produce 
after evaporation of about 170 maunds of juice. The trials later 
described show that to evaporate 100 maunds of juice he ordinarily 
requires from 70 to 80 maunds of fuel. Hence, for the juice from 
one acre of cane fuel to the extent of some. 120 to 130 maunds is 
required. Recently in experiments conducted at Lyallpur with 
better varieties of cane which contain a higher percentage of juice, 

( 584 ) 
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yields of 80 to 90 maunds of gur are being obtained. These varieties 
are just beginning to be taken up by the zemindar. The fuel which 
he will require will thus be proportionately greater than he at 
present needs with his local canes. These higher yielding canes 
cannot, indeed, produce sufficient fuel for the evaporation of their 
own juice. 

One of the greatest problems in most parts of the province is the 
supply of fuel. Failing anything else, the zemindar always falls 
back on that most destructive and uneconomic of all sources, viz., 
his farmyard manure. Unfortunately most of this is still consumed 
as fuel instead of being returned annually to the land from which 
it comes. In the case of the fuel necessary for gur making, the cane 
crop itself provides most of what is required in the form of leaves 
and the megasse obtained after extracting the juice. With the 
ordinary country method of making* all this is required for the 
evaporation of the juice, and in some cases other materials such as 
cotton sticks have also to be used. 

The destruction as fuel of the large mass of foliage provided 
by the crop is highly uneconomic, as these leaves contain a large 
part of the plant food which the crop has removed from the soil. 
They are valuable as a manure, and if furnaces can be introduced 
which will reduce the amount of fuel required for the evaporation 
of the juice, the leaves that can be spared are at once rendered 
available as manure. Fuel and manure are very closely correlated 
in this country, and in the present case the cane foliage is released 
either to be used as litter for the farm stock, and so find its way 
eventually to the manure heap, or to be ploughed in directly to the 
land. Any saving in fuel of this nature, therefore, which can be 
effected releases a similar amount of material for manure. These 
leaves are especially good not only on account of the food material 
they contain but for the humus which they add to the soil, thereby 
increasing its water holding capacity— a point of very practical 
importance here. 

In the improvement of furnaces the saving of time is another 
point to be aimed at. Normally the zemindar is dependent entirely 
on the sun to dry his megasse and make it fit for burning, and when 
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the elements fail him, as they often did here during the past season 
owing to dull weather and occasional rain, he lias no alternative 
but cease work till the sun shines again. This runs his harvesting 
very late in the season, and he is still crushing cane when lie should 
be preparing to sow cotton, or harve.sting his rahi crops. K furnace, 
therefore, whicli will lie more economical in tinu* as well as in fuel is 
what is aimed at. 

The investigations made hefe this year on the improvement of 
guT furnaces were originally necessitated through the jmrehas' 
of a large power driven cane crusher. The small country furnace 
in use was not sufficient to deal with the quantity of juice produced. 
After some trials with a large furnace of the iMcCHaslmn type, in 
which its efficiency was compared with the local furnace, we then 
passed on to the investigation of smaller types more suited to the 
small growers of this district. In' all cases, whether with large or 
small furnaces, the object aimed at was to produce a furmme which 
would save both fuel and time and whose in.stallation would entail 
a minimum expense to the zemindar. 

The following are the various furnaces tried : — 

, I. The local furnace. 

This consists of a large circular pit six feet deep with slightly 
curved sides. The feeding mouth is a circular hole 12 inches 
in diameter situated some 6 inches below the top of the furnace. 
The exit for the smoke and hot air is placed opposite the feeding 
mouth and is a circular hole 10 inches in diameter. After passing 
through a flue the smoke emerges from a chimney 6 to 7 feet high. 
The top of the furnace is a circular opening about 2 feet 10 inches 
in diameter on which an iron pan, with curved bottom and sides, 
is placed. This pan can hold from 1| to 2 maunds of juice at one 
time. 

This furnace is the one in ^ost common use all over the 
province, and is the most primitive and the most inefficient of all 
the furnaces tried. It sufiers from three great defects:— 

{a) The fuel as it is fed falls in a heap on the bottom of the 
furnace, part of it becoming buried in the ashes. 
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The supply of air is limited and very imperfect 
combustion is obtained. This is clearly shown by 
the large amount of ash remaining behind and by the 
fact that one often finds the furnace still smouldering 
for days after work has ceased. 

(&) The pit is very deep, and the flame is too far from the 
bottom of the pan. 

(c) The flame is directed tb wards the hole for the exit of 
smoke and so does not give the maximum heat to 
the pan. Much of the heat is, in fact, lost for this 
reason. 

A scale diagram of this furnace is given in Fig. 1 and the 
figures showing time taken and fuel consumed are given in Table I. 



Pig. 1. 

(All figures are on the scale of inch = 1 foot.) 


From the latter it is seen that the time taken to evaporate one 
maund of juice is 46’4 minutes and the fuel necessary for this is 
70 per cent, of the weight of the juice. 
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Table I. 


Cmntry fmtmee. 



1 
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Time tokrii | 

Fuel list'd |«r 

■'Juice evfiporated 

Fuel co'iisum,ecl 

Time taken . l 
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IWI iimwiifk 


1 
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27 
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2 
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15 

30',„ 

10 

16, 
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0 ■ 

42 
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AvEBAOB' ■ 

1 46-4 

'1 70*0 


II. The McGlashan furnace. 


This furnace is described io. the. Agriculture^, Jour ml of India 
(Vol. XV, 1920, p. 520) and Bulletin No. Till of the DepartmeiA 
of Agriculture, Central Pfbvinees. ' It was set up at Lyallpur in its 



cSecr/0//» 

original size and according to the dimensions given in the Bulletin 
above quoted. From the figures given in Table II it will be seen 
that in comparison with the oM country one it is a most efficient 
furnace. The average time taken to evaporate one maund of juice 
was 18'9 minutes and the fuel consumed is 33 per cent, of the weight 
of juice. This represents less than one-half the fuel and consider- 
ably less than half the time required for the country furnace. 
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Table II. 


McQlmlian 7 -feet furnaoe. 


Juice, evaporated 

Fuel consumed 

Time taken 

Time taken to 
evaporate 

1 maund of juice 

Fuel used per 

100 maunds 
of jiiioe 

'Mds. 

' Srs. 

Mds. 

Srs. 

Hrs. 

Mins. 

Mins. 

Mds. 

6 

' 23 

2 

23 

I 1 

55 

17 

34*1 

6 

33 

2 

3 

1 2 

0 

IS 

30-4 

, 6' 

33 

2 

10 

2 

' 0 

18 

32-9 

6' 

33 

2 

15 

2 

20 

20 

34*8 

;'6. 

37 

2 

19 

2 

8 

18 

35-7 

11 

22 

4' 

0 

3 

0 

16 

34*6 

8 

16 

2 

30 

2 

15 

16 

32*7 

8 

16 

2 

32 

2 

30 

18 

33*3 

29 

1 ,16 

9 

25 



* • 

32*7 

10 

i 32 

3 

30 

*4 

35 

25 

33*6 

5 

1 Hi 

1 

24 




29*7 

16 

s 

4 

29 

*5 

25 

20 

29*2 


\ 



Average . . 

! 

18-9 



33*0 


This is the most efficient furnace of those so far tried. It is a 
very good furnace for the zemindar who grows a large area of'cane 
and will save him much in time and fuel. Two such furnaces can 
deal with the juice from a power driven cane mill crushing 14 maunds 
of cane per hour, or one furnace can evaporate that produced by 
two of the bullock driven iron mills in common use in most (Districts 
in this province. For the average cultivator here', however, 
something smaller would be more practical, as his area under 
sugarcane is generally not more than three acres. 

It is noticed here that when canes are crushed with a power 
machine the megasse is broken into small pieces which are inclined 
to fall through the grating during feeding to the furnace if the 
grating is made to the specification given in the Bulletin quoted. 
This was remedied here by using J inch bars instead of | inch bars 
and placed inch apart instead of | inch. This was a decided 
improvement and all the gratings afterwards used were of these 
dimensions. ■* 

III. Modified McGlashan puenace with 4-| feet pan.' 

In order to provide the small cultivator with a furnace more 
suited in size to his requirements than the 7-feet McGlashan and at 
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the same time give him the advantages of the improvements therein 
obtained, a furnace was construeted of the Medlashaii type but 
reduced to accommodate a 4|-feet pan. It soon became apparent 
that this furnace \va.s not completely successful. It.s main defects 
were that the juice Iroiled only near tlie fewling mmitfi ami not 
equally all over, that the heat near the mouth was so great that the 
juice became burnt and that the consumption of fuel was not very 
much less than with the country furnace. These faults were 
remedied after further inve.stigation in two ways : (1) by setting the 
brick and mud wall which was in the centre of the furnace floor 
farther back nearer the smoke exit, and (2) by reducing the exit 
flue from 15 inches X 7 inches to 9 inches X 7 inche.s. Whereas in 
the full scale McGlashan the distance from tlie grating to the 
centre wall was 3 feet 3 mche.s, in the reduced size it was only 
2 feet. The flame had therefore 'a very short distance to travel 
till it was deflected upwards to the pan and accordingly was so 
strong that the juice was burnt. FiirtJier, the back flue was 
so close to the feeding mouth (only 4 feet) tlial much of the heat 
passed directly out without aiding in evaporating the juice. The 
lay-out of this furnace is given in Fig. 3 and tlie results obtained 
in Table III. They show that the fuel consumed is higher tlian 
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in the full size McGlashan but is only two- thirds of that of the 
country furnace. The time saved is over 20 per cent. 

Table III. 


Improved MeOlaslmn ‘^-feet furnace. 


Juice evaporated 

Fuel, consumed 

1 Time taken 

Time taken to 
evaporate 
; 1 maund of juice 

Fuel used per 

100 maimds 
of juice 

Mds. 

Srs. . 

■Mds. ; 

Srs. 

Hrs. 

Mins. 

Mins. 

Mds. 

7 

35 

3 

25 

i 5 

0 

38 

46 

■7 

35 

3 

24 

I 4 

30 

34 

45 

8 

16 

3 

37 

5 

0 

36 

46 

10 

20 

4 

33 

6 

0 

34 

, 45 

5 

10 

2 

12 

2 

45 

32 

42 
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37 

3 
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3 

30 

24 

41 

7 

35 

3 
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38 

46 

7 

22 

3 

16 
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7 

33 

45 

7 

35 

3 

24 

4 

58 

38 

46 

5 

31 

2 
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3 
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38 

45 

5 

10 

2 

12 I 

i 

3 . i 

55 

45 

44 



1 


Average . , 

35*5 

45-6 


IV. Multiple furnace. 

H 

In this experiment an attempt is made to make use of the 
waste heat which passes out through the flue of the reduced 
McGlashan by causing it to pass under a second pan and so 
evaporate a further quantity of juice. Fig. 4 shows the 
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arrangement of this furnace. The first part is exactly as 
described for the reduced McGlashan. The second pan is 
placed at a level 15 inches higher than that of the first pan. 
Whereas the latter is 4| feet in diameter, the second is .'{ ff'et and 
the furnace for it is 2 feet 7 inches in diameter at flic top. About 
2 to 2| maunds of juice are put in the first pan and afaail half a 
maund in the second. Whilst the juice in tlie fir.sf has l)ec;oine 
partially evaporated, that in, the second has become hot and 
somewhat less in volume. Later the juice from the second i.s run into 
the first where evaporation is completed, fresh juice being added to 
the second. The results obtained appear in Table IV and show a 
very great saving in fuel over the country furnace. In point of 
economy of fuel this furnace comes next to the full size McGlaslian, 
using only 40 per cent, of the weight of juice evaporated. The 
reduction in time though ^•onsidefable is }iot yet what it should be 
and falls far short of the large furnace. 

Tabus IV. 


Multiple fumoee, improved McGlmhm type. 
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Fuel consiimecl 
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Time taken 

Time taken to 
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V. The impeoved local puenace. 

In this an attempt has been made to improve the ordinary 
country furnace so that the zemindar could still use his ordinary 
curved bottomed pan. In all the other experiments described the 
pans used have all had flat bottoms. All the important points of the 
other furnaces were embodied in this furnace, viz., grating, flue, 
bottom wall, etc. In this case it was found that two walls on the 
floor of the furnace were better than one. The great depth of the 
country furnace was also reduced. Fig. 5 shows the arrangement 
of this furnace. 



From Table V it will be seen that there is a saving of about 
25 per cent, in the fuel consumption as compared with the old 
country furnace but no saving in time so far as the experiment has 
at present been carried. ^ 

No tests were made with the idea of comparing flat and round 
bottomed pans, but it would appear that the flat pan is much t&e 
more efficient. It is recommended, therefore, that, as soon as the 
old round bottomed pans become unserviceable, flat pans could be 
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Table V. 


Improved coimtri/ furnace. 


Juice evaponitcc! 
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substituted with no additional cost and with the ^ain of innch fuel. 
Meantime, whilst these pans continue to he usetl. the zemindar 
can effect some saving in fuel by altering the type of his furnace at 
little ot no cost. The grating costs about Rs. 2, and the whole of 
the work he can do himself with very slight cost. 

Where a cultivator has up to eight acres of sugarcane, he usually 
has one bullock driven crusher and two country furnaces. The 
work of these two furnaces can easily be done by one multiple 
furnace of the type described above. He can thus save a very large 
amount of fuel and, in addition, less labour will be required. For 
ten acres of cane two bullock crushers or a power driven machine 
are required. For dealing with the juice from these, three country 
furnaces are required. These can be replaced by one furnace of the 
full size MoGlashan type, resulting in the saving of an enormous 
amount of fuel as well as of time* and labour. The cost of erecting 
a McGlashan furnace is less than that of three country ones. The . 
7-feet pan weighs about 4|- maunds and costs about Rs. 90, while 
three country pans amount to about the same. The cost of 
making the furnace itself is not more than Rs. 6. 
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The following are the eomparatire figures for the various 
furnaces tried : — 


Type of furnace 

■ ■■ ■ 

Average time 
required to evaporate ‘ 
1 maund of juice 

Average fuel 
required to evaporate 
lOO maunds of juice 


Mins. 

Mds. 

Coiintn^ fiirnace . . . , 

46*4 

70*0 

McGiasimn, 7 feet 

18*9 

33'0 

Improved McGlashan, 4J feet 

35-5 

45-6 

Multiple furnace 

36-4 

40*0 

Improved country furnace 

50-5 . 

52-7 


It is thus seen that all the types tried above are better than 
the local furnace. Of them all, the filll-sized McGlashan is the 
best and is suitable for large cultivators or for small zemindars 
also if two or three co-operate together and use their bujlock 
driven cane crushing machines jointly for such a furnace. 
Should he not wish to discard his round bottomed pan, the 
zemindar can at a trifling cost alter his furnace and save much 
fuel, until such time as he requires a new pan when he ‘should 
purchase a flat bottomed one. The saving efiected- will then 
be much greater as the megasse is practically sufflcient to 
evaporate the juice, rendering almost the whole of the trash 
and leaves available as manure. 

The practical work embodied herein has been carried out 
entirely by the second author with suggestions from the first named 
who is responsible for its presentation. 




THE MESQUITE (PROSOPIS JUUFWIU). 


m 

\¥. EGBERTSON BROWN, 

AgrimUimil Officer^ N.. If. Front kr Province. 

In the March (1923) Number of the Journal (XV'llI, Pt. 2). 
Df. K. Kunhikannan brought this useful sub-tree to th(> notice of 
the Indian farmer. My first acquaintance witli it was in 1905 at 
Lahore, where its remarkable resistance to drought was already 
fully appreciated by the Superintendent of the Agri-liorticultural 
Gardens, and it was being succeamfully employed to clothe red 
sun-baked brick-kiln mounds in the gardens and around the city. 
Since then I have seen the mesquite at many places between 
Cawifpore and the Khyber, also in South Africa, and no matter how 
hot the position, the tree has invariably been vigorous and bountiful 
of fruit. At the Peshawar Agricultural Station, where the mercury 
frequently exceeds 120° F. in the burning summer days, and falls 
to 26° P. in the cold season, where the average annual rainfall is 
about 13 inches only, a trial was started in 1911 to determine the 
economic value of the tree, as food for stock, for fuel, and in clothing 
dry waste land. With no attention whatever since the plants were 
set out, the mesquite has flourished exceedingly and borne heavy 
crops of beans (Plates XXI and XXII, fig. 1). The results of 
the observations at the station may be briefly stated as follows: — 
Food for stock. Well-fed sheep and goats readily eat the ripe 
beans under the trees, but take them sparingly from the crib, (lattle 
or horses in good condition do not eat the beans. Neither sheep, 
goats, cattle, horses, nor even camels willingly eat the mesquite 
leaves. * 

' Fud. No tree grows more rapidly than the mesquite on 
arid land, or yields more fuel thereon in a shorter space of time. 
The wood burns well. 
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Clothing arid land. To convert bare, drougiit-stricken yet 
fertile land in the N. W. F. Province into open wood-land, it is only 
necessnry to establish a few groups of mesquite trees on the tract, 
and to leave the work of seed distribution to the sheep and goats 
which eat the. beans but not the plants. To clothe dry sun-stricken 
ravine land, or to embellish slopes or banks, no shrub or plant of 
any kind known to me can compare with the mesquite in persistent 
vigour and delicate beauty. From tjie beginning of April, when the 
pendulous sprays of graceful feathery foliage and honey- coloured 
tassels of blossom unfold, until late November when, for the second 
time in the year, the branches of the trees bend with their load of 
nourishing beans, few of the great family of Acacias are more pleasing 
than the mesquite. By the roadsides in desert tracts, where the 
kikar (Aeacia arabica), the her {Zizyplms jujuha), the phulai 
(Acacia modesia), and even the jhand (Frosopis spicigera) do not 
survive, the mesquite can be established in belts or plantations 
(Plate XXI). In the past few years, officers who have bpen 
studying at the Peshawar station with a view to farming abroad* 
have been impressed by the beauty and usefulness of the mesquite, 
and numerous parcels of seed have been sent to them in Africa 
and Australia. " 

When on an agricultural tour in South Africa in 1921, I was 
invited to visit some farms on the Karroo— that vast dry tract 
of heathery scrub whereon, in the frequent visitations of drought, 
hundreds of thousands of the Merino lambs have to be sacrificed at 
birth to save the famished ewes from death —and to think of any 
drought- resistant shrub or tree which might help to tide over the 
periods of pasture famine. As the homestead of the first Karroo 
farm was approached, almost the first trees to come in my view were 
mesquites. An eager inquiry revealed the fact that the trees had 
been planted by an officer of the Indian Irrigation Service who 
had been engaged in the constructisn of a dam near the farm, and 
had procured the seeds from the Punjab. I was informed that the 
, sheep ate the beans greedily, and that by their agency seedlings 
were springing up far over the land. The farm manager only feared 
that the mesquite might become too aggressive. I determined 


598 


agrioultubal journal of IxniA [XVni, VI. 


to find bv actual experiment in India the extent tr» winch seedlinf? 
meaquites might be expected to germinate from the dung of sheep 
not specially fed on mesquite beans, but wliich had ]>ickcd up the 
beans in the course of their daily wamlering over stubble, on 
pasture, or under the mesquite trees. On fith .^P])tcmbpr. 1921, 
10 seed-beds, each measuring 8 .square yards, were sown with 
the dung of the Peshawar station sheej) which have access to 
mesquite trees. The dung was over six months old, and it 
is noteworthy that it had not been con.solidatcd. It is the 
practice at the Peshawar station to sweep the pens and remove 
the droppings almost daily. The beds were irrigated awl within 
five days fully 300 mesquite seedlings sprang up in each small lied. 
When the plants were 4 inches high and less than a month old, the 
roots of some of them were found to be over 4 feet long (Plate XXII, 
fig. 2). To gain information on a field scale, a border, half a mile 
long and 12 feet wide, was next manured with the. sheep dung. 
Seven days after irrigation was given— within seven days of 
spreading the dung — thousands of seedlings germinated throughout 
the length of the border. The results of these tests were published 
in the South African J ournal of Agriculture (January 1 923). Clearly 
then, - sheep eat mesquite beans and the voided seeds germinate 
readily when the land is moist. To establish the mesquite on any 
dry tract or ravine land between Cawnpore and Peshawar, it is only 
necessary to sow small nucleus areas here and there, after rain has 
fallen in the month of August or September, or perhaps even in the 
early spring, and to let the plants fight their way to fruitfulness, 
after which the sheep and goats may be depended on to clothe the 
land with this valuable famiue fodder. Although the germination 
of the seeds is most surely attained by feeding the beans to sheep, 
excellent results may also be got by pouring boiling water over 
the seeds in the evening and letting them steep till they are sown 
on the following day. Beans o»seeds of the mesquite can probably 
be supplied by the Government gardens in North-West India. The 
crop at Peshawar is being employed in sowing bare ravine land 
in the province. 


THE CULTIVATION OP POTATO IN ITALY* 


BY 

G. s. kulkarNi, M.Ag., 

Offg. Plant Pathologist to Govermnent, Bombay. 

Amongst tke important potato growing countries of Europe, 
Italy occupies the seventh place with 300,000 hectares (I hectare 
— 2'47 acres) devoted to the crop, against 2,647,161 in Germany 
which stands first, 1,453,310 in, France^ which stands third and 
517,873 in Great Britain and Ireland which stands fifth.^ Though 
it stands so low in acreage, Italy has certain natural advantages 
over other countries. As it is situated far enough south to secure 
the benefit of brilliant sunshine and comparative freedom from spring 
frost, the potato harvest begins much earlier. The early crop begins 
to ripen from May, the main crop is ready from July onwards and 
the hill crops are lifted in September-October. As most of her 
crop is dug before the general harvest of Europe begins, Italy 
retains to a certain extent the monopoly of supplying, in the earlier 
part of season, the markets of Austria, Hungary and Germany and 
at times those of Prance, England and Belgium. Her main crop, 
however, is exported to Constantinople, Smyrna, Egj^t, Aden, 
Bombay and Colombo. 

As the potato cultivation in the Bombay Deccan and to some 
extent in Madras and Mysore is dependent on the importation of 
Italian seed tubers, and as no information, as to how these seed 
tubers are grown in Italy, was available, the writer spent a short 
period of his deputation in the month of August 1922 to study this 

. ' ' ' ' '' 

* This paper, based OB observations made by the writer while on deputation to Europe to 
study the potato crop and its diseases, was read at the Indian Science Congress, 1923. 

^ Inten Yearbook of Agri. 
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industry in Italy. A sliort description of tlie jiotatn l uhivation in 
Italy^ should, tiierefore, be of interest. 

Excluding the driest tracts, the potato is cult ivat ed eveiy where 
in Italy. The districts that interest India niosi. however, are 
Naples, Caserta, Halerno, Avellino, Benevento. (’anipobasso and 
Aquila. All the ])laees except the last tw<' are near Xaides 
comprising the provinec of Caiupania. ('anipnlias.sK i.- on the 
border of Campania, while Aqiiihi Ls situated north-east of Ibune 
in the Appeiiine Hills. 

The province Campania, meaning '• The Plain, " has a (len.sely 
crowded population and intensive cultivation. It is one of the 
most prosperous and fertile tracts, enriched by the ashes of 
Vesuvius, and "has therefore become a great seat of Italian 
commerce centring in the seaport Naples. 

A great peculiarity of this tract i,s the growtii of vines round 
elm trees planted in rows between which otlier ci'ops are grown. 
Th» potato, therefore, forms one of the secondary i rops in i he grape 
gardens. This mode of cultivation naturally demands a very rich 
soil and is practised also in the basin of the rivfu' Po ami in Sicily. 
The soil is very fertile and easy to work, as it is a deep gotal loam. 
The climate is quite suited to the crop. The mean temperattire is 
60° E., and the average rainfall is 32 inches and i.s well distributed. 
Therefore no irrigation is practised. It is only in the immediate 
vicinity of the towns where cultivation is very intensive tliat 
irrigation is sometimes resorted to whenever the rains fail. Water 
is raised from shallow wells of 5 to 10 feet deep by the lift noria 
worked by a single animal, either a mule, ass or horse. At some 
places a like handlift is used. 

The crop is grown in small plots. Tli e a er a ge .s i /,<> o f i i ol d i n gs 
is five to ten acres, though fields of fifteen acres and upwards are 
not uncommon. Usually half the area of the Itolding i.s under 
potato. The cultivator rents the land from the landowner. 

^ The writer begs to his hulebtedness to the o of the thiibaissy at 

Rome/ to those of the Itaiiaii Depaidineiit of to those of the jiiteriiatioiial 

Institute of Agriciilture, Rome, and to Air. Little, a potato merchant at Naples, fur tho help 
rendered by them in getting information on the subject. 
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The cultivation is carried on by hand labour with an implement 
called Zapa. In the months of August and September the 
land is dug with the Zapa, and the green manuring crop, either 
lupin, bean or turnip, sometimes all the three mixed together, is 
broadcasted. It is buried, for the early crop, in December, and for 
the late one in January or February. Soon after this operation the 
potato crop is planted. The sets are put at forty centimetres apart 
in furrows of sixty centimetres distance. The seed rate per acre is 
about eight quintals (1,760 lb.).* After germination, when the 
shoots are two inches high, the crop is top-dressed with either 
sulphate of ammonia or superphosphate (150 lb. per acre). When 
the plants attain a height of about six inches, that is to say, 
in the month of April, they are earthed up and sprayed with 
Bordeaux mixture as a preventive against blight {PhytopMhora). 
The crop then requires little A,ttentioil during its growth period. 
An occasional hand-weeding or a second spraying, if the weather 
conditions get moist, are the only operations. The early crop is 
ready in May and the late one matures from July onwards. The 
crop is harvested by hand-digging and the tubers are sorted into 
three grades: big, medium and small. The big ones are for 
immediate sale, the mediums are reserved for seed and the sAall 
ones are used for pig-feeding. The average yield per acre is 
50-60 quintals. In good fields it rises from 80 to 100 quintals, and 
in the best fields even 120 quintals have been recorded. 

The seed tubers are stored in sheds called Peglia situated 
near the farm-houses. They are usually made of lupin straw 
and are ten feet long, six feet wide and eight feet high. The 
tubers are at times stored in pits called Fossi dug in the fields. 
The pit is lined with straw before the tubers are put in. The upper 
part of the heap is also covered with straw and earth. Peglia 
is preferred to Fossi as it afEords tubers better protection against 
cold and rain in winter and prevents the various kinds of rots due to 
defective ventilation and heating obtained in the Fossi system. 
The tubers stored in Peglia usually remain in good condition till the 


* A quintal is equal to two cwt. roughlv. 
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planting time. In Italy the storage of potatoes for seed is not a 
problem as it is in India. The amount of rotting •»! tuhiTs caused 
by fungi {Fiisariutn, Sclerotium) and Iraetnria is \’ery little owing 
to the cool climate and the good ventilatijm (d the sloreiiouses. 
The mean temperature in July, when the potato) harvest hcgins. is not 
above 75° F., and from November onwards, when the tubers ar«‘ put 
in the storehouses, the temperature falls considerably. It is in warm 
years that damage is sometimes. caused to the tubers by the rtds. 
In August 1922, when the writer was in Italy, it was e.\<-eptiunal!y 
warm at Rome and Naples. The maximum temperature wa.s 
above 90° F. for some days, aud therefore lie could notice the 
Fmamm and bacterial rots in the fields as well as in the stores. 
But the rots, he was told, stop as soon as weatlier become.s normal. 

Rotatim. Near Naples the crop is rotateii with wheat in 
the first year, maize or hemp {Ganhaim saliva) in the second year, 
potato following again in the third year. -Vt other places wheat 
follows potato, then comes clover in the second year, wlieat, maize 
or hemp in the third year and then potato in the fourth year. 

Varieties. (1) The potato known in Bombay as Italian white 
round is the one grown very widely and is called Riccio. It is a 
h£trdy,.high yielding variety withstanding rough handling to a 
considerable extent and is of two types. One of these has white 
flesh ; the other has yellow flesh. The latter is more commonly 
grown and is said to be a little bit later than the former. (2) A 
second variety consists of long white tubers and is called Nostrale. 
It is said to be less susceptible to blight {Phyiophthora). (3) The 
third is called Patata Rose. It consists of pebble-like tubers with a 
reddish skin and eyes. (4) And lastly, there is a very early variety 
maturing in three to four months, which is called Matilde. Riccio 
is exported in bags and the remaining three varieties, being delicate, 
are packed in chestnut wood boxes. 

Diseases. It is interesting tp find that the potato crop in Italy 
is practically free from the fungus and insect diseases, particularly 
from those that come under the Destructive Insects and Pests Act. 
The belief that the potato moth. {PMheyrirma operculella) must have 
been introduced into India along with the Italian potato, therefore, 
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would seem dou])tfuI. The writer was told by Professor Sylvestri, 
the Entomologist and the Director of Agricultural Institute, 
Portici, Naples, that the moth has never been recorded in Italy 
though it occurs in the Malta Islands and Egypt. The moth reached 
Sicily only once witli a consignment of tomato plants from Egypt, 
when it was immediately destroyed, and since then the solanaceous 
crops have lieen listed under the Pests Act. The only disease that 
is sometimes destructive to the potato crop is blight (PhytopMhora), 
for which the crop is regularly sprayed. The following diseases 
have, however, been recorded, but no special study of these has 
been made since they do not do any damage to the crop ; — 

Ring {Bacillus solanaceamm), 

Fmarium. 

Eelworms. 

None of the destructive diseases that are prevalent in other 
countries of Europe, viz., wart (SynchytiHmn endobioticum), mosaic, 
and leaf-roll are said to occur in Italy. One fact, however, that 
attracted the writer’s attention was that the cultivator replenishes 
his seed from the hill tract whenever the crop degenerates. ' The 
recent study of the subject of degeneration has shown that 
degeneration is but a symptom of a disease and this disease is 
probably mosaic.^ It is, therefore, probable that a more thorough 
study of the degeneration question in Italy might reveal the existence 
of mosaic disease which is now supposed to be non-existent. 

Resuming this short account of the potato cultivation in Italy 
and contrasting it with that in the Bombay Deccan, the follocving 
points arrest attention : — 



Bo mbay Dacca n 


Potato is a min. crop. 

It requires 5 to 6 months to mature. 

It is praoticaliy free from fungus and insect 
diseases. Sloth and wart have never been 
recorded. Ring has not been known to do 
any damage. 

Stomge of tubem is not an important problem 
and therefore the cultivator iireserves his 
own seed. It is only when the crop 
degenerates that he gets the seed from the 
■hiils.^. ■ ' 

Avei'age. yield is' 6 to 7| times the seed rate. ■ 


It is an irrigated crop, at least in rabi 
season. 

It ripens in 3 1 months. 

The crop is much damaged by moth, ring 
and Fumrmm diseases. 


Storage is extremely difficult, as there is 
a considerable amount of rotting of 
tubers. The cultivator therefore has 
hitherto been unable to preserve his ^ed 
and is dependent on the Italian tubers. 

It is the same here too. 


^ Salaman. Degeneration of Potatoes. Bep. Jnkriiid, Potato Conference of 1921, pp. 79-91. 


C Al’TLB BKEEDI N G .* 


BY 

WILLIAM SMITH. 

Imperial Dairif ExiKrf. 

1 A M aware that the Committee now sitting in I’oonn is one 
mainly concerned with cattle breeding as it specially affects the 
Presidency of Bombay, but I am sure the Committee will not object 
to my dealing with the matter from an all-India point of view 
and on general lines. , » 

I think it is well in dealing with a subject like t Ids to endeavour 
as far as possible to state— 

• (1) The present condition of the industry, 

(2) Causes of existing conditions, and 

(3) Steps to be taken to improve existing (conditions. 

As regard (1), I have now been in India for sixteen and a lialf 
years during the whole of which time 1 have been in very dose touch 
with the cattle breeding industry in the Punjab, the United 
Provinces, Central Provinces, Sind, Bombay and Madras, and it is 
my considered opinion that in these parts of the country the quality 
of the cattle has declined since I came to India, or to put it more 
definitely, I believe that, generally speaking, it is impossible in the 
open market to-day to procure in quantity, no matter wliat the 
price may he, as good draught bullocks and milch eow.s as were 
obtainable 16 years ago. Most certainly the (|uality of mileh cattle 
available in India, except in the district of Sind, is very much worse 
than those available 16 years ago, If that be so, it behoves us to 
look for the reason for such a decline at a time that practically 
every other country in the world has been able to improve the 
quality of its cattle, and the root reason undoubtedly is want of 

• Note submitted to the Bombay Cattle Committee, 1922. 
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knowledge, accentuated by many circumstances such as the spread 
of irrigation canals and conservation of forest lands with consequent 
diminution of grazing areas, the increased facilities for transport 
and consequent mixing of breeds or types, increased prices for 
liuman foodstuffs, and the deliberate and erroneous teaching by the 
departments responsible for cattle breeding that the development 
of dair}'ing or milk production would injure the draught quality of 
working bullocks. 1 look upon it that the wilful elimination of 
milking qualities in the stud bulls issued by Government for breeding 
purposes and the persistent teaching of all concerned in cattle 
breeding for many years in India that dairying or heavy milking 
qualities of dams are injurious to the qualities of plough cattle have 
probably done more harm to cattle breeding in India than any 
thing, because this elimination of milk-giving qualities strikes at 
the root of the whole industry. ' So little attempt has been made to 
develop milking quality of most breeds of Indian cows that the 
dams even of some of the finest breeds of cattle are unable to Ruckle 
their young within a reasonable time, which means later maturity 
and fewer calves during the lifetime of the dam. 

In time past this did not matter so much, as great breeding 
areas were available which were useless for any other purpose, but 
these areas now grow cotton, or pulse, or wheat, and* what must 
take their place. The ordinary cultivator must take their place, 
and to enable him to do this profitably he must have a cow which 
will give sufficient milk and ghi (clarified butter) for his family and 
at the same time rear a good draught bullock. As things are now, 
the cultivator in India keeps one or two or three cows which can 
hardly produce enough milk for their calves, and he keeps a female 
buffalo to give milk and ghi for his family. This female buffalo is 
quite unnecessary if the breeder can get a cow which will rear the 
calf and in addition provide the breeder with milk and ghi. Nothing 
is more certain than that the d^m of any type or class of good 
working bullock whatever can and ought to be a first class milker. 
We hear many people say that the solution of the cattle breeding 
problem is to grow more fodder but that is putting the cart before 
the horse. What we want is fewer but more eflficient cattle. No 
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country in the Avorhl cun afford to keep a eow which is (»nly ( apable 
of suckling a calf. The eiiorinous increase in t he niiiiilici' <d buffaloes 
in India is the cause of the fodder shortage, because not only i^ the 
female buffalo used because the cow is su(‘h an iiieihcieiit milker, 
but the male buffalo is often permitted to survive. This male is 
useless for draught in most parts of the eounlry, and between the 
female buffalo used Ix'cause the eow is not as good a milker as she 
might be and the useless male buffalo the eounlry is draimxl of it.s 
fodder to such an extent that there is not sullieient for any class of 
cattle. 

The solution of the whole matter lies in the dual purpose animal. 
No matter what clas.s or type of male plough bulloek is recpiired, 
the dam must always be a good milker, and all Imlls issiieil for .stud 
purposes must be got from heavy milkers as well as !>e of the right 
size, type and class. • ' 

This country can produce all tlie drauglit cattle it ueed.s, more 
than all the dairy produce it can consume from mucli fewer cattle 
than we now possess, Inittliey must be more efficient cattle and they 
must be dual purpme every time. Any projiaganda out.side of 
dual purpose efficiency is only perpetuating a great economic evil. 
No other basis can be profitable. 

If these are the reasons for the present state of affair.s, t hen the 
first steps to remedy matters is dairy education. In every civilized 
country in the world to-day dairying occupies a very prominent 
position in its Agricultural Department. There is not, at the 
present moment, a single dairy school in India. The crying need of 
this country agriculturally is dairy education, both of the cultivator 
and the masses. Not only is the education of the men in the street 
necessary from the cattle breeding point of view, but it is necessary 
from the point of the health and general well-being of the ])eople. 
The milk supply of our cities is probably the worst uiid most 
expensive in the whole world, w^ich fact in itself is a proof of the 
crying need of the dual purpose cow. We do not need beef and the 
cotintry does not want it, but milk and drauglit we must have 
and it is indisputable that these qualities can and must be combined 
in the cow of the futuxe. 
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Tn this note I, of course, have not touched details of any kind 
but have confined myself to basic policy, because and until we 
have our policy based on sure economic foundation we can do 
nothing. The only practical and sound cattle breeding policy is 
dairying plus draught qualities; the one is hopeless without the 
other and both are inseparable. 



A NOTE ON FU BARIUM WILT OK (OL\,M IN 
BUKMA ANl.) MEASTRES TAKEN TO 
COMBAT IT. 


BY 

• 

A. McKEREAL. M.A., B.Hr.. 

Dimior of AgncnlUm. Buriwt. 

In Burma, the gram plant {CAcer arietinnm) is yrown mainly 
in the Sagaing, Lo’ser Ch.inchviu, Kyaukse and Myingya?! Bi.'-ti'icts 
of Upper Burma and in Tharrawaddy in Lower l?urma. 'I'lic total 
area for the year ended 30feU June,'19’22, was 11!), 000 aere.s. Tim 
area is thus small compared with that in some Indian ])roviuce8, 
but neyertheless, owing to its being a true cold we.ather pulse, the 
crop is one of considerable impoitance in Buruia. It is often grown 
on land tliat is too flooded during the rains for paddy cultivation 
or when jfo?w {Andropogon Sorghmn) fails for want of rain, and in 
the Sagaing and Monywa Districts it is t he only suitable crop for 
rotation wiidi wheat. The result of this is tliat any «'ircuinstance 
that makes gram growing difficult or impossible loads to the necessity 
for growing wheat crops for successive years on the same soil with 
the usual result of diminished yields and profits, while in other 
cases it may prevent cultivators from getting any crop at ail. If 
possible, the rotation adopted is a two-year one of wheat and 
gram, no other crops being grown. 

The soils of the wheat-gram tract are heavy black clay loams, 
very similar in appearance and texture to the "black cotton” 
soils of Central India and the Deccan. The Burma so-called 
" black cotton” soils are alluviums of great depth and the 
underlying rock does not reveal itself except when very deep borings 
are’made. Their origin is probably local, and they perliaps represent 
the last stage in the erosion of the Priginal tertiary rocks. Another 
theory is that they are old lake bottoms but the Geological Survey 
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have, I understand, abandoned this theory. The Burmese name 
of these soils is “ Sanb ” and they occur over most of the Swebo and 
Mandalay canal systems, along the railway line in the Sagaing 
and Monywa Districts, and in isolated patches in many other parts 
of the dry zone of Burma. In Upper Burma, gram is grown 
principally on these “ Sanb ” soils, but in Lower Burma, cultivation 
is mainly on the riverine alluvium, i.e., on land which is flooded 
annually during the rains and cropped in the cold season. 

Gram is usually sown in late October or in November, the soil 
having been previously ploughed and harrowed. On principle, 
however, a fine tilth is not usually attempted, as cultivators believe 
that the crop thrives best when the surface of the soil is left with 
abundance of large clods of earth. This is, I believe, an opinion also 
held by gram cultivators in certain parts of India. 

During the last six or sevSn years, the crop has received 
attention at the Padu Agricultural Station in the Sagaing District 
which is in the centre of the principal gram tract. For the purpose 
of varietal testing for yield a large number of gram types from India 
were placed under observation at this station. Up to 1918, a 
variety of black gram gave the best results and it was seen that its 
superiority in yield to the Burmese type resulted largely from the 
fact that it was more resistant to a wilt disease which was found 
to attack the Burmese variety. The black variety, however, is not 
a type which is in favour with buyers in Burma, and attempts were 
made to get another which would fulfil their requirements and also 
be satisfactorv in the matter of wilt resistance. This has been 
achieved hy a selection from a variety known as Karachi which 
appears to have been first introduced in 1918. This strain has 
proved to be resistant to wilt disease, w'hereas the black gram which 
was originally said to be resistant has now (in the present year 1923) 
shown itself to be highly susceptible. 

In 1921, the writer decided to gpt more definite information on 
the whole subject of wilt disease during the growing season of that 
year. With this object a yield test between Burmese and Karachi 
gram (in quintuplicate plots) was arranged both at Padu and 
Mandalay, and the growing crop in cultivators’ fields was kept 
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under scrutiny over the more important part of tho p:ram area. 
The condition of the Burmese variety turned out to be wttrse than 
had actually been expected. At Padu. the plots of Biiriuese gram 
were completely destroyed by the wilt, whereas tiie Karachi gram 
plots showed a, fine vecetutive growth and a goes! yiehl of setsl with 
no dead plants whatever. Widespread damage by this fungus 
wasdiscovere<lincultivator.s’ fields all over the urain area of Sagaing 
andMonywa, along the railway line in the Kyaukse and Yamethin 
Districts and at Yawnghwe in the Southern Hlian Ktatea, The 
fungus was identified by the Mycologieal Section at Pusa as 
Fusarium sp.~‘A fungus closely allied to that which attacks arhar 
{Cajamis indicus). The damage varied from a slight attack to almost 
complete destruction of the crop as at Padu. Cultivators state 
that they can only escape the effects of the disease by abstaining 
from sowing gram on the srame field for five, six or even (as I was 
informed in one case) for ten years. As usual the only possible 
rotation crop is wheat, and this means continuous iH' 0 ))ping of the 
latter with tlie consequent fall in outturns. In some parts of the 
Sagaing District the attack was so bad that cultivators were found 
to refer to their gram fields as *' kalape thingyine ” or gram 
graveyards. To sow seed in them was like burying a dead man — 
nothing ever came up. On the other hand, the Burmese gram plots 
on the Mandalay Agricultural Station showed no signs of disease, the 
obvious explanation being that gram had never been grown on them 
before. In 1922 no attack was reported from the Tharrawaddy 
District in Lower Burma where most of the crop is new, a large 
increase having taken place in response to the higher price got for 
the product in recent years. In 1923, however, closer inspection 
proved definitely the existence of the disease in the Lower Burma 
gram areas in the Tharra.waddy and Bassein Districts. The Padu 
area in the Sagaing Distriet, where the cultivation is old, is obviously 
very badly infected. It was prqjjably about hero and near hand at 
Ava, the old capital of Burma, that gram was first introduced into 
Burma from India. That it was so introduced is apparent from its 
Burmese name “ kalape ” which means “ Indian ” or “ foreign ” 
pulse. Hence we would expect to have happened what we actually 
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do find, viz., that the soils of these parts are most higWj charged 
with the disease. A good deal of the gram land in the Sagaing 
District about Padu is also low-lying and is under water during 
part of the rains. These conditions, as Butler points out (Fungi 
and Disease in Plants, page 35), are also oonducive'^to increase of 
this disease, the spores of the fungus tending to be washed down by 
the rains and to accumulate in the lower areas. 

In addition to the varieties already tested, the writer also 
obtained, through the courtesy of Mr. A. Howard, some seed of 
each of the 25 types described in Pusa Memoirs, Botanical Series, 
Vol. VII, No. 6. A line of each of these was grown on infected soil 
at Padu during the past two seasons of 1922 and 1923. Of the 
25 types, Nos. 1 to 9 completely succumbed, Nos. 10, 14, 16 and 24 
were attacked but not completely destroyed. The rest seemed 
to be resistant but, with the exception ol No. 20, they appear to be 
too late for Burma conditions. 

Tlie behaviour of the black gram mentioned above would 
appear to indicate that varieties become progressively susceptible 
but tire data available are not sufficient to prove this. Material 
to test this fact is now at hand in the Karachi and some of the Pusa 
varieties which have up till now shown themselves completely 
resistant. Further sowings on infected land will be done, with these 
next year a nd in successive years and careful counts made in order 
to get information on this very important point. 

That varieties of cultivated plants can become increasingly 
susceptible and that a variety which is resistant in one locality 
may be non-resistant in another has been pointed out by Butler 
in an article on Immunity and Disease in Plants” in the 
AgricuUtiral Journal of India, Vol. XIII (1918), Sci. Con. No. 

In the meantime, the Karachi variety has shown itself so 
completely superior to the Burmese variety that as seed of it is now 
available in large quantities, it has been decided to replace the whole 
existing variety by seed of the Karachi in those localities at least 
where the disease is known to be prevalent. During the season df 
1921-22, seed of the resistant type sufficient to sow 2,500 acres was 
distributed near Padu and a gram growers’ union formed to provide 
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pure seed for the next season. So great are the losses suffered by 
cultivators— direct losses owing to the attack ol the disease on the 
gram crop and indirect in that a proper rotation for wheat cannot 
be got— that in 1922-23 it was decided to accelerate the work. 
With this end in view 5,000 baskets of seed was purchased back 
from those cultivators who grew the departnient’s seed in 1921-22, 
and distribution of this took place before the sowing season of 1922. 
Distribution of this seed, about 350,000 lb., was arranged through 
private growers, co-operative credit societies and by Deputy 
Commissioners giving it as short time loans under the Agriculturists 
Loans Act. The demand for the seed was great, as the merits of the 
resistant variety were known to large numbers of cultivators who 
had been asked to attend a demonstration atPadu while the crop 
in the plots shown in Plate XXIII was on the ground. During 
the season the Land Eccopds Department were asked to provide an 
independent estimate for the area under the new variety. This 
was returned as 28,000 acres. The initial progress has been 
satisfactory, audit is certain that by continuing the distribution 
for two or three years more the desired object will be achieved. 
In places where disease has not appeared it may not bo so easy 
to convince cultivators of the necessity of a change of seed. 
In fact the test at Mandalay has shown that where disease 
does not exist the Burmese variety can hold its own with the 
introduced. Whenever the least signs of disease are seen, 
however, a vigorous policy to oust the old variety will be 
undertaken in order that the state of matters now existing in the 
disease-stricken areas may not arise. 

In connection with this gram work several points of special 
interest deserve emphasis and recapitulation ;—(l) The extreme 
virulence of the Ftisarium wilt in certain localities ; (2) the actual 
existence of gram types in India which are at least temporarily 
resistant and the discovery of which affords a rapid and easy method 
of relief to cultivators ; (3) the very interesting question mentioned 
above as to how far any type is permanently immune to the disease. 
In any case it does not appear that so far as gram varieties are 
concerned there is any literature dealing with this aspect of the 
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matter, and the jftrst thing to be done is to ascertain defini^^ely 
whether such deterioration does take place or not. 

The replacement of the existing variety in Burma by an inamune, 
or at lea.'it highly resistant, variety will mean an increase in the 
value of the crop of at least five lakhs of rupees per annum. 

It is possible that the facts disclosed in this note may h® 
interest to mycological experts and those officers of ff*® 
Aoricultural Department whose duties lie in the great Indian 
aram growing areas. Little or no information seems 1° b® 
available as to the incidence of the wilt disease of gram in 
India, or the number of really resistant varieties which exist 
in the country. . 


EXPERIMENTS OX WHEAT THKESHINC! AT 
LYALLPUH. 

«¥ 

IL R. STE^\^UlT, AJU\!ik!X, 

Professor of Agriculture, Punjab AgrkuUura} t'.ollcge. Lgullj^tir ; 

AJiD 

D. P. JOHNSTO^^ Am^Sc.I., S.D.A., 

Deputy Director of Agriculture, Puujdh, LjfuUpur. 

Out of a total of over twenty million acres of wheat grown in 
British India, the Punjab has annually to its credit (tver nine million 
acres, or 35 per cent, of the total wlieat of tiie country. Its 
enormous importance in this province is even better realized when 
it is stated that, in the canal colonies, the cultivator sow^s annually 
eleven or twelve acres of wlieat in each square of his land (about 
40 per cent.). No research can, therefore, lie of greater importance 
to the Pungab cultivator than anything done in connection with the 
wheat crop. 

The process of harvesting and threshing this crop is a long 
and laborious one, severe on man and animal, since the work falls at 
the hottest period of the year. Practically the whole crop is still 
harvested by hand. Some reaping machines are, it is true, in use, 
but the area at present covered by them is so small as to be almost 
negligible. The threshing and preparation of the grain for 
marketing is, however, a much slower and hawler task, in 
comparison, than the actual cutting. For the zemindar the mere 
extraction of the grain from the ears is only one phase of the work. 
He requires in addition that the straw shall be crushed, and broken 
into very fine pieces (SAwsa). For generations this has been 
accomplished by the tedious process of trampling by bullocks with 
phalla. Four bullocks and three men can normally thresh, and make 
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bhusa of, one acre of wheat in one day. The average zemindar 
owning a square of land in the canal colonies has four bullocks. He 
grows eleven or twelve acres of wheat, hence it will be seen that the 
threshing and 6/iusa-niaking operations alone take the same number 
of days. It is customary for the winnowing to be done by casual 
labourers who receive 5 per cent, of the cleaned grain for their 
work. If winds are unsatisfactory, this operation may be a very 
•prolonged one. Storms, too, often cause heavy damage, hence early 
finishing of the work is important. 

About 1907, the Punjab Agricultural Department started some 
experiments on wheat threshing by machinery. The first machine 
tried contained a threshing drum and concave only, the power being 
obtained from a bullock-driven gear. It, however, was not a success, 
and was discarded. About 1911 the department procured two large 
Ransome threshers of the N. I. D. type 'driven by a steam engine. 
Work was continued with them up to 1915. One was a SO-inch, and 
the other a 48-inch machine. The smaller one gave an output of 
4‘6 maunds, while the larger machine gave about 10‘5 maunds per 
hour.^ These machines were sent to Mesopotamia during the war 
and did not come back, so work on this subject was temporarily 
interrupted.^ 

In 1920, two portable, self -driven threshers were brought out 
from England. These machines were introduced with the object of 
lessening the difficulty and waste of time associated with the 
transport and alignment of the ordinary steam engine and thresher 
outfits which had been tried earlier. It was also thought that they 
might save much time and labour in the threshing of the wheat, 
gram, etc., grown on the numerous small experimental plots at the 
Lyallpur Agricultural Station. 

The smaller machine (Fig. 1) is constructed of wood and 
mounted on iron travelling wheels without springs. Its length is 16 
feet 6 inches, width 4 feet 6 inches height 8 feet, and weight about 
36 cwt. A 5 h.p. oil engine is installed at one end of the frame 


^ The working of these machines is described in the AgrL Jowt. lnd,f X, Pt. 3. 

machine simife&r to these was tried at Cawnpore in 1913, Agri, Joun Ind.^ YIII, 
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undemeath the shakers. The power is transmitted to the threshing 
drum by a belt, which, to facilitate easy starting of the engine, 
can be moved to a loose pulley. Subsidiary belts, working from 
pulleys on the drum, operate riddles, shakers and fans. The 
drum, which is 24 inches broad, is of tlie .skeleton type, with 


Fio, L 21-iiich self-driven thresher woi kiiig ml Lyallpta% 


beaters in which pegs (Ij inches long) aiu inserted. The conca 
bars also contain similar pegs. The straw shakers are on the 
reciprocating principle driven by a single crank. The separations 
are effected by two riddles with a blast of air passing between 
them. The grain is raised up for bagging by the usual belt and 
bucket elevator. The feeding platform is about six feet from the 
ground, and from this the bundles are fed to the drum horizontally. 
Ihe threshing action of the drum is a combined beating and 
combing one. The beaters, acting downwards at right angles to 
the feed platform, deal very severely with the straw, breaking fully 
60 per cent, into coarse bhusa. <Most of this broken straw passes 
with the grain, chaff, etc., through the concave and shakers. 
This bulk is greater than the machine can deal with, and causes 
choking at the entrance to the caving riddle. This always occurs 
after ten or fifteen minutes’ working, and the time wasted in 
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cleaning out the obstruction again is usually more than the time 
spent in threshing. To minimize this fault wide setting of the 
concave was tried, but the proportion of hhusa made was still 
too high for the machine to deal with. Slow feeding was also 
tried but without any improvement. Oats, wheat and gram at 
different stages of ripeness were then threshed, and it was found 
that if the straw was tough the machine worked very well, its 
success depending entirely upon the condition of the straw. The 
highest output of wheat obtained was six maunds per hour. This 
figure is much too low for the machine to be economical. 

The larger machine (Fig. 2) is also constructed of wood, spring 
mounted on iron travelling wheels ; its length is 17 feet, width 4 feet, 
height 8 feet and weight about 40 cwt. The motive power is supplied 
by a 6 h.p. horizontal oil engine, also installed within the frame. The 
internal arrangements of this machine are almost similar to the other 
with the exception of the drum and concave. This drum (27 inches 



Fig, 2. 27-inch thresher with bhusd maker attached. 


broad) is of the high speed rubbing type, whilst the concave in this 

case is in two sections, the whole making an arc of 180 degrees. The 
feeding platform here is on top of the machine. The bundles being fed 
into the drum at a tangent caused the grain to be extracted from 
the ears more by a rubbing than beating action; this resulted in a 
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lower percentage of bhusa and less choking in the irmchine. Setting 
of the concave to suit conditions played a very important part. If 
the concave was set too wide, whole heads were broken off and 
passed through the machine un threshed ; if set too close, a small 
percentage of grain was broken, and much bhum maile, accompanied 
by the usual choking and flooding of the ridtUcs. The out put of this 
machine averaged about eight maunds per hour. 

The caving riddle which is the first to deal with the large bulk 
of broken straws, grain, chaff, etc., is too small, being only about 
6 square feet in area. The clearance between it and the shakers is 
also not enough, being only about 6 inches. Witli the idea of 
trying to remedy its faults, this machine was taken to pieces and 
reconstructed. New shakers were made and covered wdth woven 
wire (I inch mesh) to try and prevent the bhum from falling through 
to the riddles. The spac« between the shakeft: and caving riddle 
was enlarged, and the superficial area of riddles increased four 
times. On trial alter reconstruction it was foimd that the shakers 
were effective in stopping most of the hhma, also that the larger 
riddles were capable of dealing effectively with all the material jj 

thrown upon them. Further, the output of the matihini! was almost ^ ' 

doubled. Owing to its narrowness, this machine is very difficult to 
feed. The sheaves have to be inserted heads first into the drum 
which, instead of sucking them away whole, cuts the straw off in ■ 
pieces. Hence the operator has to keep continnally pushing them 
in. This makes feeding very tiresome, and unless men are changed , 
often considerably lowers output. 

With this thresher a separate small machine for making bhusa 
was provided. It consists of two small drums, the first being 
fitted with numerous cutting sections much resembling those on the 
knife of a reaping machine. These alternate with similar sections 
fitted to a concave. The straw on passing between them is cJiopped 
up into a fine condition and thq|i passes to the second drum which 
is fitted with conical pegs. Between these and another concave 
containing similar pegs it is thoroughly bruised. This machine ^ 
makes very good hhma but suffers from the fault that, as designed, 
the thresher and bhusa maker cannot be worked simultaneously by 
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the engine. Actual threshing had to be done first and hhusa making 
later. In the subsequent reconstruction of this thresher, the nima 
maker was fitted on so that the straw on being delivered by the 
shakers passed into it and was finally ejected as Ihusa. This, 
however, necessitated the removal of the engine which drives the 
thresher, and a tractor had to be employed to supply the driving 
power. Whilst all the operations could thus be performed at once, 
it was not economical as the small oil engine runs at a much lower 
cost than a tractor. 

Both these machines working under European conditions would 
probably ^ve satisfaction, but they are unsuited to a dry climate 
like that prevailing in the Punjab, where the straw of ripe grain will 
never be found tough as it is in England. 

The framework of both machines gave much trouble, due to the 
wood wmrping and joints working loose. Where lubrication was 
not automatic, bearings caused many delays by heating up. The 
temperature in the threshing season is anything from 100° to 
150° F. in the sun, and for this reason machines constructed of 
wood are almost certain to have a short life here. 

Another “ all steel” thresher was tried last harvest ; it is also 
portable, about 10 feet long, 5 feet broad, 5 feet high, and weighing 
about 20 maunds. The driving power was supplied by a tractor. 
Simplicity is the dominating feature in this machine as it contains 
drum, shakers and fan only. Its 42-inch broad drum is of the high 
speed rubbing type. Owing to its breadth this machine was very 
easily fed, the sheaves being thrown into it diagonally. The output 
was about 16 maunds per hour. Its great drawback is that it only 
partially cleans the grain. Fewness of working parts is its strong 
point, as it can be run almost continuously without stopping from 
mechanical troubles, etc. 

wheat crop is being cut, the prevailing custom 
is to tie it up in large bundles w^eighing over a maund with heads 
and butts all mixed up. These bundles are much too unwieldy 
to lift on a threshing machine, besides when heads and butts Are 
mixed the drum will not readily take it in. Here, for conveniences 
we have adopted the English system of tying it in small bundles 
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about 9 iaclies in diameter mth heads all in one direction. These 
are easier to handle and more readily taken in by the machine. 

The general conclusion arrived at as a result of these trials is 
that the simpler and less complicated the machine, the more likely 
will it be to achieve practical success here. Its chief aim should be 
to thresh well both as regards quality and quantity and to effectively 
separate grain and straw. It is, however, strongly felt tfiat no 
machine will be entirely successful, or in mu(!h demand hero, that 
does not turn out the threshed straw in the form of hhusa. The 
Punjabi zemindar has from time immemorial fed his straw in this 
state, and discussion with him on this subject invariably shows 
that it is one of the first requisites in a machine which he will 
demand. Neither of the tw'o small \vooden self-driven machines 
can be recommended. Their outturn is much too low, the quality 
of their work poor, and the rtiaterial of which they are made unauited 
to the climate. The small all-steel thresher already described is a 
much, better machine than either of these. Its outturn is very 
fair and the quality of the threshing good. Driven by an oil engine 
of 6 b.h.p., it can be run very economically. Borne small alterations 
in its construction were deemed advisable, and it is hoped to have 
the privilege next year of trying another such machine embodying 
some of these alterations. Its only drawback, so far as can be 
foreseen, is that the straw after being threshed will have to be 
converted into ihusa by other means. Out of all the machines so 
far tried, the full size steam-driven machine producing bhusa appears 
stiU to hold the premier place. 
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ROTMAMSTED AND AGRICULTURAL SCIENCE.* 


BY 

Sir JOHN RUSSELL, E.R.S. 

The Eothamsted Experimental Station lias just passed its 
eightieth year, having been foimded in 1843. Ifc study has always 
been the growth of crops, with periodical excursions into problems 
of utilization ; the method of experiment has always been essen- 
tially statistical in that the field experiments were repeated year 
after year without modifica tion, with the result that a unique piass 
of data has now accumulated which is proving of the greatest value 
for statistical investigation. 

The work at Rotiiamsted falls into two great periods : the first 
when Lawes and Gilbert were actively exploring the possibilities 
opened up by the knowledge of plant nutrition gained by the early 
nineteenth-century workers; and the more recent period, when 
close study of the soil has revealed certain factors of high scientific 
interest, and, one is constrained to believe, ultimately of great 
practical importance. 

The great problem which Lawes and Gilbert set out to solve 
was to account for the fertilizing value of farmyard manure. The 
fact was well known, but there was no satisfactory explanation. 
Lawes and Gilbert proceeded by a method that still —after eighty 
years — ^remains our best. It was known that farmyard manure 
contained three groups of components : organic matter ; nitrogen 
compounds ; and ash constituents—potassium, calcium and mag- 
nesium salts, phosphates, silicates, etc. They therefore arranged 


* Discourse delivered fit the Royal Institution on 9th February, 192S. 
Naiure, No. 27S8, 
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vegetation tests with these various groups. old idea was that 
the fertilizing value lay in the organic matter, but Liebig, in 1846, 
had argued brilliantly against this view, and suggested instead 
that the ash constituents, especially the potiissiiuu. cah iuiu and 
magnesium salts, were the effective agents, latwes and Gilbert 
were prepared to recognize the necessity for these mineral salts, but 
insisted that the nitrogen compounds were e(pui!ly required. T(» 
putthe'mattertoatest, they laid out four plots of ground, receiving, 
respectively, no manure, farmyard manure, aabes of an erpial amount 
of farmyard manure, and tlie.se ashes plus a nitrogen compound 
(ammonium sulphate). The resulte were as follows : - 

Produce of reheat per acre, Broadbalk Field, Rothamated. 1844. 



■ilmiii 

Bfcmw 


(bush.) 

. (c'wt.) 

No manure . . . ^ . 

16 

him. 

Farmyard manure (14 terns pel’ acr4 • * •• 

' 22 

■■ 1.476 

Ashes of 14 tons of farmyard manure .. .. .. 

16', 

hlM 

Ash constituents 4* nitrogen compounds <uid ammonium sulphate, up to 

26i 

ijn 


They concluded that farmyard manure owes its value, not to 
the organic matter as was for long suppo.sed, nor to the ash consti- 
tuents as Liebig had suggested, but to the ash constituents plus 
nitrogen compounds. 

Now this discovery was of the greatest importance in plant 
physiology, but Lawes and Gilbert did not follow it up in that 
direction. Instead they applied it at once to an important agricul- 
tural problem then ripe for solution. There was then (as nearly 
always now) a shortage of farmyard manure on farms, and agricul- 
turists had tor generations sought for substitutes, but with little 
success. Lawes and Gilbert saw that the mixture of ash constituents 
and nitrogen compounds would form an effective substitute, and 
further, that it could be obtained in very large quantities, and of 
course independently of farmyard manure. Geologists had dis- 
covered vast deposits of calciuin phosphate, which chemists had 
shown how to render soluble. Engineers were developing the 
manufacture of coal gas and producing large quantities of ammo- 
nium sulphate, while potassium compounds could be obtained 
without difficulty from wood ashes. Lawes and Gilbert therefore 
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proceeded to make mixtures of these substances which they advised 
farmers to use. 

Few experiments have proved so fruitful in stimulating scienti- 
fic inquiry— -it is still opening up new fields at Eothamsted— and in 
ministering to human needs, as this simple field trial carried out 
eighty years ago on the Broadbalk field at Eothamsted. At first 
farmers looked with some misgiving upon this new kind of manure 
(which was called “ artificial manure ” to distinguish it from farm- 
yard manure, then known as “ natural manure ”) ; it seemed 
incredible that a harmless-looking powder without smell or taste 
could act as potently as the old-time richly odorous farmyard 
manure. But they soon came to recognize its value, and before long 
they were using many thousands of tons a year. It is safe to say 
that the remarkable development of British agriculture which took 
place between 1843, when Eothamsted began, and 1870, would 
have been impossible wdthout artificial fertilizers. During that 
period British farmers kept pace with the growing needs of the 
population ; iirdeed they did more, for they helped to change" the 
“ hungry ’forties ” into the more plentiful ’seventies. The use 
of artificial fertilizers is now developed throughout the civilized 
world and the industry has attained enormous dimensions. 

This was the greatest achievement of Lawes and Gilbert. 
They did many other things for the farmers of their day, but this 
alone leaves us owing them a great debt of gratitude. 

As the use of artificial fertilizers spread there arose, as one 
might expect, many problems of great scientific interest or technical 
importance. Thus it soon appeared that weather conditions 
profoundly affected the response of crops to artificial fertilizers. 
The same fertilizer mixture which in one season gave results fully 
equal to, or even surpassing those of farmyard manure, would, on 
the same farm and even in the same field, prove a failure in another 
season. This is well shown in tjie fluctuations in yield on the 
Broadbalk wheat field at Eothamsted. 

The effect of soil is also sharply marked. On our heavy soil 
at Eothamsted the best results are usually obtained by a fairly 
liberal use of phosphate, but there is less necessity for large dressings 
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of potash. But on the rauc.h lighter soil of Wohiirn potash is 
considerably more important, while phosphates are less needed, 
and, indeed, beyond a certain quantity appear to flo actual harm. 
It is obvious, therefore, that a complete manure drawn up on the 
basis of the Rothamsted experiments would fail in practice to give 
the best results on a lighter soil. As an in.stance the following may 
be quoted, this being one of a general scheme of experiments organ- 
ized from Bothamsted:— 


Barley : Light sandy soil in, Suffolk, 1925 


Complete artificial manare • • 

Incomplete manure : phosphate omitted 
No manure .. 


Bush, per acre 
.. ' ■ 

27-i 
. 16-CI 


In this instance the omission of phosphates has raised the 
yield by 6 bushels per acse. As against this, an array of instances 
might be brought from clay fams where a phosphate is the one 
and only thing that causes crop increases. Any one who had 

to deal with farmers’ 
problems could multiply 
apparent contradictions 
and inconsistencies of 
this kind. When one 
collects, as we have 
done at Rothamsted, 
the results of field 
trials with artificial 
manures made in 
different parts of the 
country, they seem at 
first to be 'dimply a tangled mass of unrelated facts. 

Now it is the business of the man of science to sort out a tangle 
of this kind, to reduce it to o:^er, to find the general principles 
running through it, and finally to prove the correctness of his 
conclusions by being able to predict with certainty what wiU happen 
in given conditions. The recognized noethod of procedure is to dis- 
cover the various factors at work and investigate them one at a time. 



fl<3. L 


Yields of wheat from Broadbalk plots manured 
with complete artificial manures, and farm- 
yard man ure, respectively, compared with 
the average yield for the whole country. 
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TMs is being done at Rothamsted in two ways : by field observa- 
tions, and by quantitative laboratory measurements. Observations 
in the field show that each of the fertilizing substances— 
phosphates, potassium compounds, nitrogen compounds, etc.— in 
addition to its general effect in increasing plant growth, produces 
certain specific effects which may be of advantage, or may be a 
disadvantage to the plant in the particular conditions in which 
it happens to be growing. Thus, phosphates have a special influence 
in hastening the ripening processes, which no doubt accounts for 
the Suffolk results just quoted. In the dry conditions of a sandy 
soil, ripening is already too early, and any reduction in an already 
short growing season cuts down the yield ; in cold, wet districts, 
however, this property is very valuable. 

In the early stages of the plant’s life phosphates stimulate 
root development to a marked degree; this is well shown in their 
effect on swedes. Nitrogen compounds tend to increase leaf deve- 
lopment and give greater vigour of growth, but beyond a certain 
point the advantage is counteracted by a loss of resisting p<?wer, 
and the plants may fall victims to attacks of disease. Crops — 
especially cereals— may be unable to stand up against the weather 
and may become “lodged.” Indeed, the proper adjustment of 
plant nutrients affords plant pathologists one method^ of dealing 
with plant diseases. 

Qualitative observations of this kind, while of high value, 
are not entirely sufficient: it is necessary to have quantitative 
measurements of as high an order of accuracy as possible. At 
Rothamsted this is done by means of water cultures and pot experi- 
ments; all the factors are controlled as closely as possible and 
the results are plotted on curves which can be studied in detail. 
This method was developed extensively by Hellriegel and is now 
in common use in agricultural laboratories. 

The method naturally invites mathematical treatment, and 
attempts have been made, notably by Mitscherlich, to express the 
curve by equations. There is a seductive look about a mathe- 
matical formula which rarely fails to appeal to the biologist, but as 
a rule the number of experimental points obtained is much too 
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small to justify mathematical treatment, and it is not surprisiag 
that investigators fail to agree. Ten years ago the fashion was 
for logarithmic curves; now it is for sigmoid curves, which are 
probably nearer tlie triitli, though not yet a complete expreaaion. 

This method of studying single factors is pushed to a high 
degree oi retinement in plant physiology laboratorie.**, such as 
that of the Imperial ('ollege under Prof. Blackman, or that under 
his brother at Cambridge, and there can be little doubt that the 
effect of iudividixal factors on the plant will ultimately be well 
known. All thi.s work is giving valuable information as to causes 
and principles. 

These curves show the relationship between yield and plant 
food supply at one particular temperature which remains constant, 
and one particular water supply which also remains constant. But 
a completely diifere}it set <if figuresavould l)e obtained if the tempera- 
ture were different or if tlie water supply were altered. Supposing 
one wished to take account of the effect of water supply as well 
as fflod, one would draw a series of curves, which would properly 
be expressed as a surface, and this has been done by one of the 
Rothamsted w'orkers — Mr. J. A. Prescott — to show the effect of 
nitrate supply and spacing on the yield of maize in Egypt. The 
experiments had the advantage that the climatic conditions are 
less fickle there than here. It would be of the greatest interest to 
obtain such surfaces for other pairs of factors. 

If an attempt were made to study factors three at a time, 
it wmuld be necessary to prepare a series of surfaces and to embody 
them in a figure in four dimensions, which is certainly beyond the 
capacity of the ordinary agricultural investigator. But in agricul- 
tural field work the factors do not vary one at the time, or even two 
or three at the time ; there may be half-a-dozen variables. This, of 
course, enormously complicates any attempt to apply to field condi- 
tions the results obtained by these single factor physiological 
experiments. It is possible that when the physiologists have 
completely elucidated all the single factors, some one will be able to 
synthesize the material and build it into some great conception or 
expression' that will contain all, and thus account for the field results. 
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But history shows that the genius capable of effecting a synthesis 
of this sort is very rare and might have to be awaited long. 

We have therefore adopted another method at Eothamsted, 
which is being worked alongside of the single factor method. 
Statisticians have, during recent years, been evolving methods 
for dealing with cases where several factors vary simultaneously • 
These methods have been applied by Mr. R. A. Fisher to the 
Rothamsted field data, _ ^ 
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FlQ. 2. Mr. E. A. Fisher s results showing amounts 

causing variation- could of predictable variation in wheat yields, 

-I - Broadbalk, Rothamsted. 

be disentangled and 

expressed quantitatively; there are slow changes in the field, such 
as changes in the amount of weeds, etc. ; deterioration of soil ; and 
weather changes such as rainfall, temperature, etc. (Pig- 2.) 

As might be expected, the effects differ according to manurial 
conditions; e.g., the influence of weather varies with the manure. 
Important differences appear between farmyard manure and 
artificials. The variation in yield is less where farmyard manure 
is given than where artificials are used. Further, the so-called 
complete manure appears not realty complete at all ; there is soil 
deterioration going on ; but with farmyard manure no such deterio- 
ration is produced. The different kinds and quantities of artificial 
manures produce different effects on the v ariation in yield, the 
magnitude of which has been worked out. 


ARTIFICIALS. 


Mr. E. A. Fisher's results showing amounts 
of predictable variation in wheat yields, 
Broadbalk, Rothamsted. 
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Having disentangled the factors Mr. h’isher has proceeded 
to analyse the effect of rainfall, and he finds that part of the weather 
effect is predictable when rainfall is known. Kain aliove the 
average in autumn is somewhat beneficial; in winter an<l in 
summer it is hamiful, and in spring it is less frequently harmful. 
As before, the effects are nmeh more pronounced with r<tinplete 
artificials than with farmyard manure. 'Die actual facts have long 
been known in a general way, l)ut here is an exact quantitative 
measurement. 

The great advantage of this statistical regularity is that it 
indicates the possibility of expressing in terms of chatua) the influence 
of the weather, soil, etc., on crop yields. We hope ultimately to be 
able to say to the farmer, given such and such conditions of soil and 
weather, the chances are so many to one that such and such an 
increase of yield will be obtained by the use of a specified fertilizer. 
The expression would be understood by every farmer, anti lie would 
readily decide whether to take the risk or not. 

Much greater results would also follow. At present the farmer 
cannot cover his risks of low yields by insurance, the companies 
not yet having sufficient data. We hope and believe that these 
statistical investigations will afford the basis on which such data 
will be obtained. At present the position approximates to that of 
life insurance in the eighteenth century, when the 8tatisti(*al Tegu- 
larity of mortality was first established, after wdiich the first life 
tables could be constructed. There still remtiins a mass of detail to 
work out, but tbe fundamental problems are now being attacked, 
and we see no reason to regard them as insoluble. If the expectancy 
of crop yields proves to be calculable the farmer will be able to insure 
himself against crop failure, and so meet one of the worst vicissitudes 
of his troubled life by merely taking out an insurance policy— 
perhaps even by subscribing to a particular newspaper. 

We are constrained to adopt that the work is still far from 
completion, and in the meantime agriculture has fallen on difficult 
days and farmers are turning to us to ask how they can obtain 
large crops in the most economical way. It is not general principles 
they want, hut particular instructions. 
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\\c are not ia a position, to give an absolute clear cut prescrip- 
tion toanv farmer, lait we are going a long wav to meet him. Some 
of our field experiments of special interest or importance are being 
repeated at ntlicr centres where soil and climatic conditions are all 
different. The results are compared with ours, or with others that 
lia.v(*. been olttained, to ascertain how far or in what direction any 
ot our eonelusions would need modification in a particular district. 

We now return to an important result to which T have already 
referred. ( >ver a period of years the artificial manures have not 
proved cpiite as effective as farmyard manure ; there has been 
more variation in yield and they have not so well maintained the 
fertility of the soil as farmyard manure has done. On some crops 
the effect is marke<l; clover responds better to farmyard manure 
than to artificials. It appears then that Lawes’ and Gilbert’s 
views that the fertilizer value of farmya'i^d manure lay in its ash 
constituents ])lus nitrogen compounds is only a first approxima- 
tion, and that farmyard manure does something or contains 
something which artificial manures do not. This difference we are 
now engaged in exploring. 

The same method of procedure is used as in studying the 
effects of artificial fertilizers. A full scientific investigation into the 
causes is carried out, but simultaneously an attempt is made to find 
some working solution of the farmers’ problems. The shortage of 
farmyard manure is still as acute as ever, and to keep more animals 
with the viev of making more is uneconomic. At Rothamsted we 
have attempted to produce farmyard manure from straw artificially 
and without animals. This has been done by Mr. E. H. Richards 
and I>r. Hutchinson by simulating the essentials of the natural 
process, namely, watering straw with a salt of ammonia (actually 
ammo.'iium sulphate, but calcium carbonate is mixed with the 
straw’^), and leaving the heap so that the air can get in and the 
organisms can do their work. The, product is not yet equal to the 
natural substance, but it is steadily being improved, and the very 
serious diflEiculties are gradually disappearing in Mr, Richards 
competent hands. Five years ago a few ounces only of this artificial 
farmyard manure had been prepared; last year several thousand 
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tons were made on various farms in different parts of the rountry, 
and the news is spreading. The serious problem of developing 
the work from the laboratory to the farm scale ha.s been possible 
through the generous and public-spirited action of Lord Klveden. 
There seems here the possibility of aid to the farmer and of the 
development of an important new industry. 

Meanwhile a full scientific investigation is being carried on to 
discover wherein farmyard manure differs frctin artificials. One 
important difference is already known and is being investigated by 
Dr. Keen. Farmyard manure opens but the soil partiele.s leaving 
bigger pore spaces; it allows of the retention of more moisture 
and the better circulation of air. All these effects are beneficial. 

There is also another difference. Farmyard manure and also 
plant residues (which are substantially the same thing) decompose 
in the soil, giving rise tomiany sitbstanoes of different types. The 
plant foods are among the end products : indeed; in natural condi- 
tions, and, to a large extent, in farms and gardens also, it is in this 
way that plants obtain their food. Tn using artificial manures we 
supply these end products at once instead of waiting for them to be 
liberated gradually by the natural decomposition. Further, we 
do not by any means know the whole of the processes whereby 
plant food is made. But there are certain intermediate products, 
and it is quite possible that some of these may have a special effect 
on the growing plant. Curious stimulating effects are produced by 
substances formed when soil is steamed, or when oxidation is 
accelerated by addition of charcoal, and we have obtained the 
same results with small quantities of picric acid ; such bodies might 
well be formed as intermediates in the decomposition of farmyard 
manure. The whole effect suggests an action like that of the 
vitamins of plant physiologists or the auxiinones of the late 
Prof. Bottomley. The chemical department at Rothamsted, under 
Mr. Page, is following out thejprocess, and the botanical depart- 
ment, under Dr. Winifred Brenchley, will test any intermediate 
products which may be obtained. h ' ■ 

A further important factor, which probably governs the 
whole situation, is that a great part of the process of : decomposition 


EOTHAMSTED AND AGfelODLl'DRAL SdiBNOE 


63l 


and plant food production appears to be brought about by living 
organisms in the soil. Simultaneously, therefore, with the chemical 
and botanical investigations, the various biological departments are 
busily engaged in studying the organisms that are doing the work. 

Tt is a wonderful story that is being revealed. The soil is 
shown to be the abode of a vast population of living organisms 
of the most varied kind. Some of them are remarkably small; 
among tliem one which brings about the last stage in the formation 
of nitrates- an organism which Eothamsted just missed forty 
years ago : another, also just missed at Eothamsted, which has the 
remarkable property of fixing nitrogen in the nodule of the clover 
plant. Others are larger and more easily picked out, but their 
exact place in the soil economy is not easy to determine : probably 
they are concerned in the preliminary stages of the decomposition. 

It is impossible to peer iflto the 'soil with a microscope, so 
that indirect methods of exploration have to be used. At Eotham- 
sted the organisms are counted and the work they do is estiinated 
bv some chemical process : virtually we take a census of population 
and production in the soil. Take other census methods, it is com- 
parative only : a single census is not much use: it is not until 
several have been taken that one can find how the numbers ; and 
activities of the population are being afiected by various .conditions. 
The census is therefore repeated periodically and the results plotted 
on curves from which it is possible to deduce the elect of various 

factors on the particular organisms counted. _ 

These curves brought out the remarkable result that partia 
sterilization increased bacterial activity, and investigation skowed 
that the normal virgin soil must contain other organisms besides 
bacteria-organisms, moreover, which were detrimental to bacteria 
and tended to keep their numbers down. A search for such organ- 
isms showed that protozoa were present: many foms have 
since been found in the soil, aoms of which are known to feed on 
bacteria Mr Cutler has discovered how to count them, and wit 
L co-operation of willing workers has succeeded m caitymg otit 
nerhaps the most remarkable census yet made of the bacterial and 
p— portion of a natural field sod. Before the census 


632 


AOBIOtJL'TORAL JOURIfAt OF ISTDIA [XVIII, VI. 


began many montlis were spent in perfecting the mctliods and 
teckniqne, and in making preliminary studies of the .-.oil. The 
details were carefully arranged with the statiatiral ilepartmciit, and 
it was decided to take the census many tiiWH at short intervals. 
Time to a hadllus or a protozoan is a different thijig Iroin what 
it is to us, and instead of taking tlie census every ten years, or 
even every ten days, it was taken daily, and at the same hour every 
day. Many repetitions were needed so that the atatiatician might 
feel safe in drawing conclusions from the clat^i. The census was 
therefore made every day tor 305 consecutive days, and no less 
than seventeen different organisms were enumerated. 

A team of five workers kept the investigation going without 
intermission— Sundays, Bank Holidays, and Christmas Day for 
a whole year. A mass of data was obtained of high statistical 
value which is proving of the greatest impoitance in the study of 
the soil population. One of the most interesting rcKults was the 
proof that the soil population is not steady in numl)or as had always 
been assumed, but is in a violent state of flux. Every organism 
obsexved—protozoon or bacterium- showed great daily variations, 
which seemed to be independent of external conditions. At least 
one showed a two-day periodicity. The fluctuations of the amoibse 
were of special interest as they were exactly the reverse of the 
bacterial fluctuations. Close examination of the curves leaves no 
doubt that the fluctuations of the amcebaj cause the fluctuations 
of the bacteria, high numbers of amoebae causing low numbers of 
bacteria, and low numbers of amoebae allowing bacterial numbers 
to rise : but why the amoebae fluctuate i-emains a mystery. 

In the case of bacteria it has been possible to make even closer 
observations. A census organized by Messrs. I’hornton and Page 
has been taken each two hours for several days and nights; but 
again the same wonderful fluctuations are seen. A.s might be 
expected, the amount of work, a^ measured by the nitrate present, 
alters from hour to hour. But the curve was not quite what was 
expected : the increases in amount of nitrate could be understood 
as representing the work done by bacteria, but the decreases were 
more difficult to explain. There was no rain to wash it out and 
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there w ere no plants to take it up ; yet the nitrate tends to 
disappear, rhe results suggest that some organism is absorbing it. 
Algffi and fungi could hoth do this, and both are found in the soil : 
Dr. Muriel Bristol and Dr, Brierley are closely studying them. 

Perhaps even more remarkable than the daily changes are 
the great >e'is »ual changes. It appears that the whole soil popula- 
tion is dei)ressed in winter and in summer, and is uplifted in spring 
and autumn. How this comes about we do not know. The pheno- 
menon does not seem to be confined to the soil ; the algas in a pond 
and the plaukton in the sea, like the organisms in the soil, all seem 
to feel th(‘ joy of spring; it is as if Virgil had got hold of some great 
truth in natural science, which we have not yet been able to express 
in cold .<(;icntilic tci'ins. when he sa 3 "s that in spring “ Aether, the 
Almighty Fatlu-r of Nature, (lescend.3 upon the earth, and blending 
his mighty frame witli hers, gives life to«*all the embryos within.” 
(‘VGeorgics” Bk. TI, 11, 324-327.) 

'Flic number of organisms in one single gramme of soil— -no 
more, than a teas])oouful -often well exceeds 40 millions. This 
looks big. iiut it is (lillieult to form an idea of its immensity. If 
each Ui'it iji the whole arra>' could be magnified up to the size of a 
man and the wliole caused to march past in single file, they \vould 
go in a steady stream, every hour of the day and night for a year, 
a month and a day, before they had all passed. We must think 
then of the appa^rently lifeless soil which we tread beneath our feet 
as really throbbing with life, changing daily and hourly in obedience 
to some great laws which we have not yet discovered ; pulsating 
with birth, death, decay, and new birth. Andif the wonder were 
not sufiitdent, we know that in some way these lowly organisms are 
preparing the food for our crops— the crops on which we ourselves 
feed. It i.s possible - it is even probable — -that our attempts to learn 
something of this wonderful population may lead to some degree 
of control which wovdd have valuable economic results. But even 
if this never happened the work would still be justified because it 
shovvs to the countryman something of the abounding interest of 
his daily task and of the infinite wonder of the soil on Avhich he 
spends his life. 


DANISH AGKICULTUKE AND THE HYGIENE 
OF THE NATION* 


In a Gliadwick Lecture recently delivered at the Koval J^anitary 
Institute, Mr. Nugent Harris gave some interesting particulars of 
Danish agriculture. Forty per cent, of Denmark’s aggregate 
population, which numbers three million people, .subsi.st on 
agriculture. This figure does not include the South Jutland 
territories, in respect of which there are not yet available agricultural 
statistics which may be compared with the Danish figures. No other 
Danish trade provides occupation for such a large part of the Danish 
population, and thus we may bejustified in describing agriculture 
as Denmark’s main induslry. We are still further justified in doing 
so by the fact that among the trades it is first and foremost 
agriculture which hitherto has supported the economy of the 
country, procuring through export 80—90 per cent, of the foreign 
means of payment which is an essential condition of commerce 
with foreign countries. 

In its present form Danish agriculture came into being in the 
eighties. ‘During these years an important (;hange was effected by 
which Denmark, from being mainly a corn-selling country, became 
a corn-buying country, attaching special importance to the 
production and sale of animal products, more especially butter, pork 
and eggs and such live stock as slaughter-cattle and draught-horses. 
These products constituted about 95 per cent, of the total Danish 
agricultural export. 

The means which Danish agriculturists adopted in order to 
secure this special production was the breeding of a live stock of a 
very high quality. In the summer of 1914 this live stock consisted 
of 667,000 horses, 2,463,000 htad of cattle (including 1,310,000 
head of dairy cattle), 2,497,000 pigs and 15,130,000 fowls. For the 
support of this stock not only the greater part of Denmark’s own 

' " . ' ^ ■ * Beprinted from Jour, af Hov MSI “ , 


DANISH AGBICDLTUEE AND HYQIBNB OB' THE NATION 635 

crop was required, but also considerable quantities of fodder from 
abroad, principally about 600,000 tons of oilcakes and about 400,000 
tons of maize, the quantity always varying, however, in accordance 
with the Danish crop. Considerable quantities of artificial manure, 
nitrate, phosphate, and potash, were required to maintain the 
quality of Danish soil at the level necessary for such an enornaous 
live stock. 

Danish agriculture fell into great difficulties during the war, 
especially during its last phases, when the tightened blockade 
rendered it difficult to get supplies from abroad. The most strenuous 
endeavours were used to ward ofi and mitigate the efiects of the 
blockade, partly by means of forced home production of fodder^ 
partly by means of special efforts to encourage the best breeding 
material among the live stock. When the seas were re-opened to the 
free exchange of goods, Danish farmers at once proceeded to increase 
to its full extent the live stock which all quarters admitted to be of 
vital importance to the future economy of Denmark. These 
endeavours succeeded. 

Before the war, 2,463,000 head of cattle existed in Denmark. 
Of this number, 1,310,000 were milch cows. The annual export of 
cattle and meat was equivalent to about 300,000 head in all, while 
the export of butter amounted to about 100,000 tons yearly. The 
exclusion of foreign fodder had a serioiis influence on the number 
of the live stock and impaired its capacity, so that the quantity o 
milk in 1918 was only about half the normal quantity. But now 
conditions have become again almost normal, and at the saine 
time the Danish butter market has been extended beyond England, 
and includes Switzerland, Germany, Sweden and Norway, and even 
America, to which country considerable quantities of Damsh butter 
are sent. In 1922 there were in all 2,286,000 head of cattle, of 
which 1,113,000 are milch cow^s, a somewhat lower figure than t at 
of 1914 but, of course, it has not been the poorest ammals which 
have been preserved,, but quite the contrary. The quantity^ of 
milk is now almost the same as it was before the war. 

Industrial conditions applied more to pig breeding than to any 

other branch of agriculture, and it was, therefore, a natural 
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consequence that it should be hard hit by the lilockade. Ihtt here 
again special stress was laid on the necessity of keeping the best 
breeding animals, and these endeavours were crowned with success, 
so that the number of pigs is now fully one and a half millirm as 
compared with only about 513,000 in 1918. It will not be long 
before Danish agriculture will reach the level of the stocks held 
before the war, when the number of pigs was a!>out ‘J’5 millicn. and 
when the annual slaughtering at (51 Danish abattoirs amounted to 
about 3 million pigs. . 

As to egg production, this became very important during the 
war, especially for farming in a small way. Here, again, Danish 
agriculture hopes soon to be able to produce ainmt 500 million eggs 
annually, and these together witli 300 million which are eaten in 
Denmark, constitute the country's total production of eggs. Buyers 
for this produce are to be f(«ind evefywhere. 

Danish aoeiculture and the rehuildiko of Kueopk. 

It is Denmark’s belief that itioreased productitm is the only way 
to restore Europe after the war. Danish agricidtu re is prepared to 
take part in this task, and it has — as mentioned above in connection 
with those branches of production which are tlie corner-stones 
in agriculture— kept its capacity in effective order, although not 
unimpaired. Danish soil, which suffered mucli on account of 
the difficulty of importing artificial manures in 1918 and 1919, has 
now regained its former productive capacity. To tliis circumstance 
must be added as an invaluable advantage to Danish agriculture 
the comparatively quiet labour conditions prevailing in this industry. 
This is a consequence of a feature which is typical (d the social 
structure characterizing Danish agriculture, i.e., the fact that work 
on the farms is undertaken to a considerable degree by the farmers’ 
own children, whose term of servi^ is very often only a link in the 
chain of their education, and one that prepares them for taking over 
their farms in due course. This is an invaluable advantage which 
lends Danish agriculture a stability and firmness in production, 
unmatched in any other industry. 
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Denmark lias become famous for the uniformity and purity 
in tlie quality of its main lines of production — butter, bacon, eggs 
and in recent years cheese. The successful development of its 
agriculture has also tended to prevent that migration from the 
rural districts to the towns. The following figures bear striking 
testimony to this : — 

The population of Denmark in 1921 was 3,267,831, of which 
1,859,965 lived in the rural districts. This shows an increase of 
145,578 over the previous five years, and of 209,615 in the ten years 
1911-1921— the men and women about balance in the rural 
districts. 

How THE HYGIENE OF THE NATION HAS BEEN AFFECTED. 

Diseases that used to he very prevalent have disappeared, 
others are much reduced in their viruknce. A striking instance 
is that of the Island of Lolland, xit one time it was, owing 
to its low-lying cliaracter, subject to very serious floodings by 
the sea, leaving the soil very damp and boggy. This affected 
cultivation and produced also very unhealthy conditions, so much 
so that Marsh Fever (known over all Denmark as the Lolland 
fever), bronchitis and similar illnesses were very prevalent. 
These conditions continued until 1903, since when reclamation, 
drainage and afforestation schemes carried out on a big scale 
; have resulted in modification of practically all these illnesses, 

and Marsh Fever has been eliminated. The soil is now one of 
; . the richest in Denmark. 

Tuberculosis or~as the Danes call it— English 

; ’ ' SICKNESS. 

In a recent report by the Danish National Society for Fighting 
Tuberculosis, satisfaction is expressed at the considerable decrease 
in the number of cases of tuberci4osis in Denmark during the last 
generation, and Professor Faber, in submitting the report, said the 
, tuberculosis mortality figures were now the lowest on record— 
50 per cent, less than those of 30 years ago— and were second 
^ only to those of Scotland, and he gave it as his view that in a few 
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years Scotland would be beaten. One of the Directors of the i f 
Society — Dr. Ostenfield — in speaking of the report, stated that l:|| 
80 per cent, of the patients in the sanatoria for which they were 
responsible had been discharged during the year with positive f| 
results. The report states that a deficit of 1,293,474 kroner made J 
on the sanatoria during the year was met by the State. i ; 


COTTON PRODUCTION AND CO-OPERATIVES * 


BY 

A. H. STONE, 

Vice-Prasiient, Staple Cotton Co-operative Association, Greenwood. 

In any compreiiensive appraisal of recently developed agencies 
for the handling and distribution of Delta staples, we should also 
take account of antecedent economic conditions. In this regard, the 
outstanding feature of the whole history of tropical and semi-tropical 
large scale agricultural enterprise is the part played by the factorage 
system. The English factor, thi^ough the seventeenth and eighteenth 
centuries, bore substantially the same relationship to overseas 
agriculture and trade that the great banking institutions bear to 
modern industrial enterprise, if we do not push the analogy tcx) far. 

The operations of the system were essentially the same, 
regardless of crop or place. Before the end of the first quarter of the 
nineteenth century it had become inseparably identified with cotton 
production in the Southern States. Its predominant features 
remained the same. The factor invariably required the consignment 
of the entire crop, for the sale of which he charged a commission. 
The planter’s basis of credit was usually fixed on baleage. On an 
advance of so many thousand dollars, so many bales of cotton were 
required to be shipped. A penalty commission was charged for 
every bale short of the contract number. There were various 
charges out of which the factor received a commission or rebate, 
such as storage, insurance, drayage, etc. 

Results OP SYSTEM. 

The system had far-reaching economic results. It established 
one of the most vicious circles possible to any industry. ,Its 
emphasis being on baleage, there was every incentive to attempt the 

* Bepriated from 2*^ LXIII, 17. 
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impossible in proclnetion. The more land a planter wns willing to 
buy on time, the more (;otton he could promise, the iiK)re money he 
could borrow, the more shives he could purchase. 1 1 was a business 
of unusual hazards, for Irotfi the factor and the planter. Fortunes 
were made and lost in it. It was also a business of peculiar 
fasGinations, and many men of large ability engaged in it. It was 
a business in whicli social prestige might he enhanced by success, 
but was not diminished by failure. But tlie planting end of 
it was fundamentally unsound, taken as a whole, and Southern 
students would probably agree that it could not have survived 
the vicissitudes of many more years, even had there been no 
Civil War. 

Another result was the concentration in a few important cities 
and towns of practically all of the fluid wealth of the cotton growing 
South. The interior eoimtw', whicH was practically the sole source 
of this wealth, was in a state of hopeless economic dependence on 
these urban centres. Speaking for our own territory, the Mis-sisaippi 
Delta, I may say that this condition of dependence was not relieved 
until the advent of the mortgage loan companies, about thirty years 
ago. Even then, there was only a swapping of horses, an exchange 
of one mortgage for another. But that step had to be taken before 
even the semblance of a new order could be esteblished. The Delta 
was tributary to New Orleans, mainly, for sixty or seventy years. 
At a later date Memphis played an important part in its business 
life. 

The two and a half decades after 1885 wrought very definite 
changes for the better, in all directions and along all lines. A 
pronounced aspect of this improved order of things was a change in 
the method of marketing cotton. And this was practically the first 
change in a hundred years, or since American cotton became a 
commercial crop. 

Under the changed order, ioc^l factors still did a large volume 
of business, but under a somewhat modified system. Local buyers 
established themselves in every small town. Local banks were 
organized. Local compresses and warehouses were built. Rail-roads 
had made this possible. In short, the market had met the 
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producer half-way. The next step which followed this change was 
country buying. Under this it became posKsible for a planter to sell 
his crop at ins own gin platform. I have referred to this as a change 
in the method of marketing. And it was not much more than this. 
The marketing system itself remained practically unaltered. The 
lot^al factor could sell to the local buyer. Or the local buyer could 
deal direct with the grower. The grower might be present at every 
stage of these proceedings. And this change of situs, which made 
the transaction visible to the eye of the producer, was in reality the 
only change between marketing in one place and marketing in 
another excepting of course changes in certain charges, which 
' did not at ail affect the system. A psychological change, however, 
occurred gradually in the producer. Closer contact with buyers, 
closer connection with his crop after its production, unquestionably 
cau-sed him to think more and 'more of* the problems involved in 
converting his product into money, of the problems of marketing 
and of distribution. There was no longer the blind, unquestioning 
acceptance of a figure on an account of sale. He at least had an 
opportunity of knowing by name the man who bought his cotton, 
and of asking him why he could not pay more for it. He could 
even refuse to accept an offered price, although the only reason for 
his refusal was that he just felt that it was not enough. 

Need eoe eemedial measuees. 

The conditions under which we were attempting to conduct 
our business in 1920 were almost, if not quite, as unsound as was the 
system under which our fathers operated in 1860. In fact we, more 
than they, were out of joint with the progress of the time. There 
was, therefore, nothing unnatural, nothing revolutionary, nothing 
strained or artificial about the fact of our seeking remedial measures 
for a situation which we had come to realize was economically 
intolerable. I shall venture to sx:^gest that any man who imagines 
that the means of relief which we finally agreed upon and 
endeavoured to apply, had no more substantial foundation than a 
mere effort to satisfy a lurking grudge ; that the purpose was to put 
somebody out of business ; that the ultimate end was to create a 
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monopoly and to reach out and grasp other branches of the cotton 
trade ; that any man who thinks this, or any part of it, has signally 
failed to apprehend the operation of one of the most elementary, 
but no less vital, laws of human existence, the instinct of 
self-preservation. 

Details OP ASSOCIATION. 

There is neither mystery nor secrecy about the operations and 
affairs of the Staple Cotton Co-operative Association. It is in 
truth a very simple piece of machinery, for accomplishing a very 
simple purpose. It is composed entirely of bond fide growets of 
cotton. It handles only the cotton of its members. It acquires * 
no cotton by purchase or trade. It is allowed to make no profit 
in its operations. It transacts no business other than such as is 
incidental to the selling of 4he cotton of its members. Title to the 
cotton it handles is vested in the Association. It operates within a 
well defined area. It is composed of some twenty-two hundred 
members. In management it is a highly centralized concern, all 
of its affairs being administered from one office. Its directorate is 
composed of twenty-one capable and experienced men, meeting 
monthly, throughout the year, and serving entirely without 
compensation. Four of these men are presidents of banks and eight 
others are bank officers or directors. Some of them are lawyers, 
and good ones. All of them are planters or owners of plantations. 
The active management of the Association is in the hands of men 
who devote their entire time exclusively to its affairs, and are 
paid for doing so. Its sales department is under the direction of a 
man whom we consider the ablest in the raw cotton end of the 
staple business. Its president is one of the most successful cotton 
planters in the South, and is the originator of the idea of a 
centralized marketing agency in this country. Its accounting 
department is one of the most ^ciently organized and handled 
which it is possible for modern methods, technical skill and 
m§chanical equipment to develop. 

This Association does not seek to establish a monopoly of 
Delta cotton. It does not handle all of the, Delta crop, by any 


COTTON PRODUCTION AND CO-OPERATIVES 643 

means. In all its transactions it seeks to observe the best traditions 
and practices of the trade. It attempts no radical innovations nor 
freakish experiments. It is controUed by business men, not by 
politicians. We attempt to secure results through adherence to the 
principles of established economic law, not by holding conventions 
and adopting resolutions. The Association seeks to emphasize the 
personal equation in all its transactions with the trade. It sells 
only from stocks actually in its own hands. It ships the cotton it 
sells. It sells for any reasonable period of delivery. It does not 
in any sense seek to control prices. Its management is not so 
foolish as to attempt so vain a thing. It tries by legitimate dealing 
and fair trading through the excellence of its service and the 
possession of superior facilities and large stocks, to obtain the best 
po.ssible price for what it sells. 

Such an organization as this can exist? only through its ability 
to render service. And this service must include all those with 
whom it deals, tliose who buy as well as those for whom it sells. , 

• Not a holding corporation. 

I would be less than frank if I did not express concern over the 
repeated statements that this Association is merely the tangible 
expression of the disposition and purpose of the grower to hold his 
cotton. No honest man likes to have his motives impugned and his 
assurances questioned. I cannot too strongly emphasize the fact 
that we are a selling concern. No man responsible for the conduct 
of this Association’s affairs would tolerate for a moment a suggestion 
that we hold our cotton. We will not sell it all at any one time, 
nor to any one purchaser. Such a transaction would be repugnant 
to our conception of our legitimate function, as well as in direct 
contravention of our idea of orderly marketing. Our principle 
is to seU as steadily as possible, without dumping, in such manner 
as to dispose of one crop before anotiter comes on. Unquestionably 
there are honest differences of opinion as to what constitutes orderly 
^marketing. And we have no quarrel with the man who does not 
agree with us. There is no impropriety in suggesting that our 
" financial connections include a Government agency and two of the 
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best known banking institutions in the country; one eastern and 
one southern. Our arrangements are based on a policy of consistent 
selling, and our marketing methods have the unqualified approval 
of each of these three institutions. 

Improvement ovBs OLD METHOD. 

It may be asked, in view of all that I have said, “ In what 
respect, then, is the Staple Association’s system an improvement 
over the old method, in so far as the planter is concerned ? ” The 
question is a fair one, and I shall conclude this discussion with a 
reply. In the fi.rst place the Association does receive a better 
average price for its cotton than is received for the average outside. 
This simply means that our policy of consistent, steady selling, day 
in and day out, month by month, throughout the season, secures 
better average returns than coide from selling by fits and starte, 
spasmodically and unsystematically. We are justified in this 
conclusion, not only by our private advices and information, but by 
comparing our prices with those reported for our territory by the 
Bureau of Markets. A recent issue of a leading New England 
journal spoke of the large number of odd lots of fifty to two hundred 
sales of staples which were being picked up here and there at cents a 
pound under Association prices. This is absolutely legitimate 
trading, but we do not sell our cotton that way. All such sales 
unfavourably affect the average outside price while being of doubtful 
value as purchases to anyone except the individual buyer who 
made the pick-up. 

Another important service to the grower, without cost to 
anybody, is rendered through the Association’s financial 
arrangements. The Association supplements the aid of the local 
bank, to the end that “ distressed cotton ” is a thing of the past, 
in so far as our members are concerned. 

Under the old system the ^ower has always felt that he had a 
just ground of complaint in the matter of samples and loose. He 
has felt that his cotton was unfairly dealt with, that it was sampled , 
more than was necessary, that too much loose was accumulated from 
it, and that the whole' process was wasteful and unjust. From time 
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immemoi ial he lias been assured that Ms complaint was groandless, 
or at leasM that he greatly exaggerated the results of these 
practices. During the Staple Association’s first season it received 
157,805 bales of cotton. Every effort was made to reduce waste to 
a rainimmn. and each bale was sampled but one time. Yet the 
aciMimulated samples and loose from our cotton, handled in this way, 
amounted to 2.76 bales. It would be interesting to know just what 
the aggregate loss to the grower amounts to on the entire American 
crop, on this one item alone. For it must be borne in mind that every 
penny of the savings on the various items wMch I have mentioned 
represents, or is etpxivalent to, a loss to the grower under any 
other system. Let me give you one other illustration, before I close. 
The Assoination makes an expense deduction, in selling the cotton 
of its members, of three per cent, of^the sales price. When we began 
opei-ations it was predicted by our friends outside that we would 
never operate under this, but would have to make additional 
deductions m- assessments. We are reputed to have the best-paid 
cotton men in America at the head of our sales department. Possibly 
this is true. We are charged with having an expensively organized 
busine.ss. This is not true. But be this as it may, at the close of 
our first season’s operations, instead of calling on our members 
for additional expense money, we refunded to them in cash nearly 
S300,000, an amount equivalent to exactly one-half of our original 
three per cent, deduction. 

The man, therefore, who imagines that our success depends 
upon the elimination of middlemen, or that the only saving to 
the grower which such an organization can accomplish is the 
middleman’s profit, knows very little about the inner operations of 
the Staple Cotton Association. We are not trying to eliminate 
the middleman. On the contrary, we like Mm, and do business 
with him every day. , 




THE BOARD OF AGRICULTURE IN INDIA. 

The Thirteenth Meeting of the Board of Agriculture in 
India will be held at Bangalore from the 21st to the 26th 
January, 1924, when the following subjects will be discussed 

(1) To review the progress made in non-credit agricultural 

co-operation in India and to consider ways and 
means of stimulating further progress. 

(2) To examine the curriculum of the Imperial Institute of 

Animal Hu'sbandry and Dairying at Bangalore and 
to consider the best means of co-operating with 
, Provincial Governments and Indian States with 

a view to utilizing this Institute to the best 
advantage. 

(3) To consider the best means of utilizing the Pusa, 

Bangalore, Wellington and Karnal dairy and cattle- 
breeding farms for the good of India as a whole. 

(4) To review the steps being taken by Provincial 

Governments and Indian States for the improvement 
of cattle by better breeding and feeding and to 
make recommendations. 

(5) To consider the steps taken to give effect to the 

recommendations of the Board of Agriculture 
of 1919 (Subject IV) for the improvement of — 

(a) forecasts, 

(b) final statistics of the area and yield of cotton 
in India. / 

(6) To consider the progress made in giving effect to the 

recommendations of the Indian Cotton Committee 
for 1917-18 with special reference to — 

' - ' , ' ! I " y i ' tb4 Committee, 

I I ' ' ' . ^ H 1 4 ' I t I ! ^ ’ 
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(5) tke recommendations of the Board of Agricul- 
ture of 1919 in regard to cotton marketing. 

(7) Is it possible and desirable to make Government farms, 

including experimental, cattle-breeding, seed and 
demonstration farms, pay ? 

(8) To review the progress made in popularising the 

use of improved agricultural implements and power 
machinery in India with special reference to— 

(a) the provision of facilities for sale, hire and 
repair, 

(b) propaganda, 

(c) the designing and testing of implements. 

(9) The utilization of indigenous supplies of phosphates. 

(10) To consider the steps taken to give effect to the 

recommendations of'the Indian Sugar Committee with 
special reference to those relating to the Coimbatore 
Cane-breeding Station. 

(11) The desirability of bringing waste lands un^er 

cultivation with a view to increasing the production 
of food grains. 

* 

❖ * 

A NEW SPRING-TOOTH HARROW. 

Op the steel agricultural implements which have been 
introduced to India in the past 15 years, the spring-tooth harrow 
is perhaps one of the most popular. At the Peshawar Agricultural 
Station it is the most useful implement next to the Rajah plough. 
After the land has been turned over, planked and rolled, the 
five-tooth harrow drawn by a pair of good oxen is used in place of 
the country plough, and it satisfactorily treats four times as much 
land as the latter implement in a day’s work. In the orchard the 
harrow is also useful • but as it casmot be controlled and directed 
by the ploughman, it is liable to bark the trees. 

A new five-tooth-spring-tined harrow has recently been imported 
from Australia Avhich has stilts and a guiding fore-wheel. This 
implement can be controlled and directed with ease and accuracy, 



The Nobelias spriiig-tootli cultivator. 

Without any real exertion the ploiighman can ligliten the 
to the oxen on difficult patches of land and turn the 
ease on the head-lands. Altogether the implement which is 
the Nobelius cultivator is a distinct improvement on 
spring-tined harrow. [W. Eobertson Brown.] 

* 

* * 

ROOT PRUNING OF THE MANGO 

It is generally believed that the mango plant 
root pruning which, if performed, either kills it or makes 
growth stunted. This might be true in the case of big trees 
but from my own experience |*can say that mango seedlings f 
two to three years of age withstand close root pruning as any 
'plant generally does. I have seen little difference between 
growth made by a pot grown plant transplanted to the fi 
all its cramped and tangled roots and that made by a plant 
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and it may even be used to intercultivate crops which are planted 
in lines 3 to 4 feet asunder. On fallow land the implement does 
as much work and does this as efficiently as the old type of 
harrow. At the same time it is far lighter in draught than 
the spring-tooth harrow which has neither stilts nor fore- wheel. 
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the ground and subsequently transferred to another place after 
close root pruning. 

It is an undoubted advantage that the mango grown situ 
has a very deep reaching tap root and makes a vast spread. It 
does not require much irrigation. But in every case it is not very 
convenient to grow plants in situ, especially when one requires grafted 
plants for the garden. In such circumstances there does not appear 
to be much good in propagating seedlings in pots where they do 
not make a fair growth. The stock is unnecessarily dwarfed. 

It was in the beginning of the monsoon of the year 1918 that 
I wanted some mango grafts for my own garden. I decided to take 
the grafts from the trees belonging to a relative of mine hving 
at 20 miles from my place. I had mango seedlings two to three 
years old. To my great annoyance I found that my mali had 
not moved these seedlings during the peijiod of their growth on the 
spot where they had been planted while only two or three weeks 
old. So from two to three years they had been left in the same 
position without being disturbed. When a few plants were taken 
out, the tap root was found to have gone deeper than a foot or 
18 inches. These plants had to be taken out with a big quantity 
of earth and any attempt to accommodate them in medium 
sized pots involved extensive root pruning and the attendant 
risk of killing the plants outright. No young seedlings were 
available in the vicinity. I had to hasten the despatch of plants 
as the roads were kacha and heavy rains would have made it 
extremely dij0S.cult for the bullock cart to move. 

What I did was to put the plants in pots after pruning away 
much of their roots. Then their leaves and young shoots were 
clipped ofi — ^two or three leaves being left on each plant. The plants 
were kept in a dark and cool place where there was enough 
ventilation. For three or four days water was sprinkled over the 
plants thrice a day. This moif 5 ,tening was slowly stopped and 
the plants were gradually made accustomed to exposure. On the 
tenth day they were able to bear the midday sun of the month pf 
July. They were despatched for grafting on the fifteenth day. 
Out of 56 seedlings thus taken out 45 survived. 
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Enarch-grafting was done on all the plants. A single matured 
Shoot was used as the scion in each case. 

Just after a month I had to meet another obstacle. The 
parent mango trees were only a few furlongs away from the 
Ganges. Floods threatened, and as all the seedlings in the pots 
were on the ground, the grafts had to be removed early to avoid 
submersion. 

As was expected, some of the scions showed signs of withering 
only after a few hours of their removal from the parent trees. Their 
leaves were reduced to two or three only and they were given the 
same treatment as the seedling stocks had received after removal 
from the ground to the pots. In 10 days fresh buds appeared on 
the scions and they were gradually made accustomed to the full 
exposure of the sun. This took another 10 days. Then they were 
taken back to my garden where they were planted on the third day 
of their arrival. 

Grafting was performed on 45 plants of whicli only 32 survived. 
The 'dead plants were examined and the failure was mostly due to 
the rain water having found its way through the grafting clay. 
The cut surfaces were infested with fungoids and ants. 

Of these 32 grafts, I have at present 27 trees alive. They 
have made as much growth as pot growii grafts. Both have been 
equally irrigated. It is too early to determine anything further 
about the two classes of grafted trees. There seems to be no 
difference in their fruiting capacity. 

Subsequently I have found that the loss can be minimi.sed to 
a very great extent with some care and patience. 

The advantages of this method are : — 

(1) The pot grown plants are stunted and require constant 
supply of water and care. Tlie stock grown on the 
ground makes a full growth and requires less care 
and watering. Th^# stock from the pot grown plant 
is not very strong and robust, 

•“ (2) When transferring a pot grown plant to the ground, one 

has to plant it with all its injured and cramped roots. 
The plants which have their roots pruned make a 
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fresh growth of roots and restart growing witli a new 

vigour. 

(3) The whole time required for preparing a graft fit for 
plantation is only about nine weeks, and during this 
short period one gets quite a big and hardy grafted 
mango plant. Under the ordinary system the time 
and labour required are unnecessarily long and heavy. 
[Raj Kishoee Singh.] 


* * ■ 

CAUSE AND CONTROL OF FIJI DISEASE OF SUGARCANE. 

Fiji disease has long been listed as one of the diseases the 
cause of which is unknown. Recent work done in the Department 
of Plant Pathology, at the College of Agriculture, Los Banos,^ has 
demonstrated a very probable rfjause. .^ince the paper describing 
the cause is very technical, this article is now being presented to 
make the results more available to the sugar-growing public. 

Any one familiar with Fiji disease in the field knows that the 
character by which it may be certainly recognized is the presence 
of galls on the leaves. These galls are generally hard, raised places 
along the veins which appear as tiny, raised, white spots on the 
young leaves and as yellow or brown ones on the old leaves. They 
distinguish Fiji disease from all other diseases of cane. Insect and 
fungus pests produce galls in many plants. In such cases the 
pest— fungus or insect— lives in the galls, so in the case of Fiji 
diseased cane one would naturally search in the galls for the cause 
of the disease. 

The galls are composed of cells like those making up the pith 
of the cane except that the gall cells have thickened walls. Every 
typical plant cell contains a central body called the nucleus and a 
liquid in which float the food making and storing organs of the ceil. 
With a good microscope one can s^e in cells of Fiji galls bodies which 
are not present in ordinary plant cells or in the cells of healthy cane. 
These bodies, when taken out of the gall cells and placed in came 

> McWhorter, E. P. The nature of the organism found in Fiji galls of sugarcane. Phili 
Affri., XI, 103-111. 1922. 
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juiee, will liven up and develop at once into active organisms known 
as amcekaei, thereby showing that they are not merely some inert 
substance present in the cells and developed by the disease, but 
foreign organisms living in the cane cells. A study of their 
life-history showed them to be amoebae and that the stage common 
in old gall cells was the resting stage known as cysts. Amoeba are 
small, single-celled animals that are able to move from place to 
place by means of jelly-like protrusions from their own bodies. 
Whereas these amoebae are entirely absent in healthy cane and are 
most abundant in the gall cells of Fiji diseased cane, it is thought 
that they are the cause of Fiji disease. It is hoped that work, 
which is now in progress at the College, will conclusively demonstrate 
whether or not this is actually the case. Amoebae cause many 
animal diseases, notably dysentery in man, but most plant diseases 
are due either to bacteria *)!■ fungw The amoeba thought to cause 
Fiji disease is so small that it must be magnified several hundred 
times to make it visible, but it is mucli larger than disease 
causfng bacteria ; it would take about 50 bacteria to equal one 
medium-sized Bfiji amoeba. 

It is generally thought among sugar men that Bfiji disease 
is not carried through the soil; hence it is considered safe to 
plant cane after cane in a Fiji infested field. The writer has 
demonstrated the amoebse in the roots of badly diseased cane, and 
therefore wonders if some of the disease generally attributed to bad 
seed and probably insect transmission is not due after all to soil 
transmission. 

of Lee and others has very definitely proved that the 
planting of sets from diseased cane is certain to give rise to diseased 
cane. Those wishing an excellent statement of this fact should read 
Lee’s article in the “ Plant pest and disease number ” of the 
Philippine Agricultural Revieio ioT 1922. Also we have demonstrated 
this fact several times here in qjur experimental plots. The fact 
that healthy sets must be planted in order to get healthy plants 
must be the starting point in controlling the disease. To this 
generally accepted fact the writer wished to add another, which he 
feels his experience during the past year more than justifies. 
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Namely, it is unsafe to select sets from any part of a field if Fiji is 
present in the field. That is, it is dangerous to select sets from 
apparently healthy plants in a field wherein the disease is occurring. 
This is especially dangerous if the sets are being taken from ratoon 
stands. The disease may be latent in the old cane and appear at 
once in the seedling. 

Another thing that we have recently demonstrated at the 
College is the effect of excess water on diseased plants. Plants 
which had almost died of the disease when growing in field 
conditions frequently took on new growth and almost recovered 
when transplanted to saturated soil. Perhaps irrigation will 
render plants less susceptible to the disease. 

Certain varieties of cane are unquestionably less susceptible 
to the disease than others. The writer does not believe sufficient 
careful experimental or field work has- been done on this subject 
to, as yet, justify any definite statement as to what are the resistant 
Philippine varieties. 

In regard to controlling the disease it cannot be too strongly 
empihasized that one should plant healthy sets taken from field 
in 'which there is no Fiji disease. [Frank P. McWhorter in Sugar 
New, IV, No. 8.] 

Hs 

* * 

NEED FOR FRESH COTTON FIELDS. 

An instructive lecture was delivered at the Textile Institute, 
Manchester, by Mr. Walter R. Dunlop, Professor of Economics 
at the West Indian Agricultural College, on Cotton and some 
of its Problems.” Mr. Myers, Chairman of the Lancashire Section 
of the Institute, occupied the chair. 

The lectirrer, in giving a brief history of the cotton supply 
in this country, said the enormous industry of this country and the 
world was essentially a nineteenth century development, extending 
from the French Revolution in L-^98 to the outbreak of the European 
War in 1914. Up to the French Revolution France was the coming 
cotton country, but the Revolution brought as its material penalty a 
set-back to French industrialism, which took at least ten years to 
recover. Britain diverted the supply of cotton to this country. 
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Eegarding the present position of world production and 
consumption, Professor Dunlop said that during the last 25 years the 
consumption had been increasing at a greater rate than production. 
It was due to the increasing manufacturing demand of the United 
States, Canada, Japan and India, and to a reduction in the acreage 
yield in America and Egypt. The decrease in Egypt per feddan 
had been due to poorer lands being brought under cultivation, 
bad drainage, and insect pests like the pink boll-worm, the latter 
being the main factor. In the United States during the last ten 
years it was due to the spread of the boll- weevil and labour shortage. 
In new areas the pink boll-worm was the most serious insect pest. 
The boll- weevil was confined entirely to America, whereas the pink 
boll- worm was world- wide in its distribution. 

Discussing the United States crop, the lecturer said that perhaps 
the most serious feature ms the tendency to violent fluctuations 
due to the reaction of prices on area planted, the weather damage 
during prolonged picking periods, and the notoriously speculative 
character of the crop. Mixed fanning also made regulation 
of the cotton area economically easy, while high labour costs 
did not make it attractive or even possible at pre-war prices- 
Furthermore, conditions in the United States were not conducive 
to the preservation of uniformity and of quality — a very important 
matter for Lancashire. There had been deterioration in quality 
as well as quantity due to longer picking periods, inefficient baling 
and compressing, and insect pests. To indicate the immediate 
position, in the season 1921-22 the world’s crop was 15 million 
bales and the world’s consumption nearly 21 1 milion bales, of which 
nearly 13 million bales was consumed in the United States. This 
implied the absorption of the carry-over, or post-seasonal stock, and 
was obviously serious. The position at present was that trade 
would not revive sufficiently to make the supply of cotton a serious 
matter for some years. The p^sent need for expanding and 
stabilizing the production of cotton in the near future was obvious, 
and it was a matter the urgency of which had long been recognized. 
The work of the British Cotton Growing Association had led to 
excellent results, and it was also being taken up by the Empire 
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Cotton Growing Corporation with the assistance of the spinners, 
and they would by means of the Corporation be able to provide 
more scientifically trained men in new areas. The sSudan, India, 
East and West Africa and Queensland were being given increasing 
opportunities to expand. 

The department with which he had been connected in the 
West Indies had tried to re-establish Sea Islands cotton round about 
1897, and it took many years, with great difficulty and perseverance, 
before that industry could be properly established. Now, through 
lack of demand for finer cottons, the existence of the industry was 
jeopardized. They had to be very careful or it might deteriorate, 
and possibly disappear. 

The expansion of cotton into new regions of the empire was no 
easy task. This was a matter which might not interest them 
directly, but he thought it was extremely advisable for people in 
Lancashire to be familiar with what was happening and what thev 
were trying to do at the production end. It was evident in regard 
to these problems the difficulties which would arise were temperature, 
water, labour, supply, transport and finance. It was to be hoped 
that no scheme would be attempted unless these matters were 
present and could be provided for. They were obviously essential 
in these regions and demanded the employment of men of abilitv. 

In regard to pests in new areas, from the standpoint of American 
production the boll- weevil was by far the most serious pest; but 
it was the pink boll- worm which was the most menacing pest in new 
areas. The distribution of the pink boll-worm gave cause for 
considerable anxiety, but the boll-weevil was entirely confined 
to the United States and tropical America, whereas the pink 
boll-worm had a world distribution, which was an important point 
in regard to sending cotton into new areas. 

The development of cotton in new areas required a study of 
human nature, economic subject in general, as well as a study of 
natural scientific conditions. Cotton was grown by coloured labour 
largely. At present, as Mr. Himbury showed, cotton cultivation 
was between 17 degrees north of the equator and 15 degrees south, 
and the production of cotton would not only be largely dependent 
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on coloured labour but also on coloured management. All this 
meant that scientific organization and study of man in relation 
to cotton would be as necessary as the study of cotton in relation 
to man. 

In developing the empire’s cotton fields in the future it would 
be necessary to have economic research. By economic reseanh 
he meant investigation into the problems and difficulties along 
lines that came under tlie studies of the various schools of economics 
and conducted along practical lines, and accurate coating would be 
necessary. The study of marketing was very important in other 
forms of raw material. He was advocating industrializing cotton, 
to put it on the same organized scale as the intermediate 
manufacturing industries through which the raw material went 
before it reached the consumer in the form of goods. It required 
broad thinking. From tluv spinnef. even from the consumer, to 
the cotton grower there must be one continuous line of organized 
contact— a cotton industry to embrace production, manufactnre. 
and distribution. Besearcb and ingenuity in this country must 
be unremittingly applied to keep up and extend the demand. 

At the growers’ end psych o-economio science, as well as natural 
science, would be wanted. The conception of tropical labour as a 
herd of human energy to be exploited was archaic. A feature of 
cotton growing was that it was increasingly becoming the occupation 
of the smaller peasant proprietors. In any case, even ivitb ordinary 
wage earners, motion studies, reduction of fatigue and possibly 
vocational selection were necessary. The object was to save time, 
reduce fatigue, strengthen efficiency and lessen the cost of 
production. These were only some of the possible applications of 
psycho-economics. One could mention further the statistical 
(mathematical) study of the cost of living, market prices of cotton 
and production costs in different countries and the complex and 
important problems of price reac;^ons on production in different 
areas. Accurate costing was essential, especially when there was 
rotation of crops, and systematised methods should be introduced 
in order to avoid, for instance, the inclusion of interest on capital 
as a costing charge as had been done recently in Texas. Accurate 
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costing could be done. It bad been done by the rubber industry, 
which produced perhaps the best costing figures of any industry 
growing raw material in tropical countries. On the other hand, in 
certain districts where cotton was grown in rotation with other crops, 
he did not think any one really knew the cost of its production. 

But in the long run the ultimate success of establishing new 
and large areas would depend upon a rational combination of 
interests. There ought to be closer economic contact between the 
manufacturing and the producing end. If the new areas were to be 
established, it was up to manufacturers, spinners and even consumers 
to do what they could to stabilize prices and stimulate the demand, 
especially for the finer kinds. A good example of the tendency to 
organize an industry right throxxgh from the production of the raw 
material to the manufacturing was seen in connection with rubber. 
Something like the general organization that was there being 
attempted should be done in relation to cotton. If some of the lines 
of development he had suggested were followed, by the end of the 
twentieth century the supply of cotton would be satisfactory, and 
the industry as a whole would be not merely one of the greatest 
imperial industries but one of the greatest of imperial achievements. 
[The Textile Mercury, XVIII, No. 1786.] 

* 

CEARA COTTON. 

Ceara is a State situated in the north-eastern portion of 
Brazil covering an area of 160,987 sq. km. (almost the size of Italy) 
which has produced cotton for many years, though the quantity 
grown has so far been on a small scale, some 150,000 bales of 300 lb. 
every year, but extensive irrigation works which are in course of 
construction promise to make Ceara a regular supplier of medium 
staple cotton (l| to If- in.) of some importance. Some parts of the 
State are indeed able to grow lon^ staple cotton. The main reason 
why Ceara cotton is sold in Europe below the price of similar cotton 
is that the cultivators have hitherto grown four or five different 
kinds of seeds in one and the same field and have paid little attention 
to the grade ; unfortunately the export merchants have not 
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sufficiently encouraged tlie few who sold them a uniform and clean 
cotton. 

This state of affairs is now. being remedied. On the strength 
of recommendations made by the writer to the Govenmient of the 
State of Ceara and to the Federal Government three large cotton seed 
farms are being established as a start in the principal districts, 
where only one variety of seed will be grown, so that a mixture of 
various strains will finally become next to impossible. In most of 
the districts tree cottons are planted, though in some parts which are 
subject to floods the ajinual American kind is grown. 

The merchants of Ceara are also organizing themselves to 
bring about a more up-to-date method of handling cotton. 
[A. S. Pearse in iwt. Pnil., No. 3, 1923.] 

Hi * 

COTTON BESEARCH. 

THROUGtH the courtesy of the British Cotton Industry Research 
Assoc/ation, the Secretary of the Indian Central Cotton Committee 
has sent the following abstracts for publication 

Micro METRIC SLIDE rule. 

A nomograph is engraved on a xylonite atrip by means of 
which microscopic measurements can be obtained with any 
combination of objective, eyepiece, etc., after a single calibration. 
A second nomograph on the hack permits of making corrections for 
alterations in the length of the microscope tube. [Jour. Roy. 
Miaro. Soc., 1923, pp. 57-61. H. J. Denham.] 

Spinning test op American cotton. 

Comparative spinning tests of the following cottons from 
the crop of 1921, grown under boll- weevil conditions, have been 
made ; Acala, Lone Star, Mexican Big Boll, Rowden, and a typical 
cotton of the kind commercially ^nown as “ North Georgia.” All 
the cottons were tested under identical mechanical conditions. 
The grades, lengths of staple, percentages of visible waste, strength 
of the yarns and percentages of average deviation or irregularity 
of the sizings and strengths indicate that for hard twisted or, warp 
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yarns the varieties tested, if placed in order of their merit from a 
spinner’s point of view, would fail as follows : (1) Acala and 
Mexican Big Boll, equal ; (2) Lone Star and Rowden, equal; 
(3) Typical North Georgia. [U. S. Dept. Agri. Bull. 1148, 1923, 
6 pp. W. R. Meadows.] 

Cotton staple test. 

Several new methods of obtaining mean staple lengths and 
staple diagrams are described : (1) This method is practically the 

same as that of the Baer sorter. (2) A sliver, in which the hairs are 
thoroughly mixed and parallel to one another, is gripped along 
a line perpendicular to its length. The loose hairs are combed 
out and the sliver cut along the line of grip. The tuft so obtained 
is weighed. It is shown (on the assumption that the mass of a hair 
is on the average proportional tjo its length) that the mean staple 
length is 2 N. c.g. ; where N.c.=the length per unit mass of the 
sliver and g.=the mass of the tuft. (3) A sliver is gripped as in 
(2) and the loose hairs combed out on both sides of the grip. The 
hairs remaining are rearranged so that the extremities of the hairs 
are in line. The thickness of this tuft is measured at difierent 
positions along its length, by means of an apparatus described in 
the paper. (4) The procedure is the same as (3) except that the 
hairs in the tuft are not rearranged, and only one side of the tuft 
is used. (5) The same as (4) ; but instead of measuring the 
thickness of the tuft, the tuft is cut into sections, which are 
afterwards weighed. Several methods are given for reducing the 
results of (3), (4) and (5) to the ordinary staple diagram, and for 
obtaining the mean staple length. [L’Ind. Text., 1923, 39, 156-162. 
H. Fluhk.] 

Field plots. 

The control of experimental error in nursery trials has been 
studied and it is shown that the yielding ability of selections or 
crosses as grown in small individumly planted plots is of little value 
as an indication of the comparative yielding ability of the separate 
selections. The rod-row method is in general use as a means of 
obtaining preliminary yielding tests of new plant breeding 
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productions. As a result of field experiments it appears that three 
row plots, each row being approximately 16 ft. in length, and the use of 
only the central row in the yield teat is a desirable plan. Replication . 
in general, reduces the probable error according to mathem.atical 
expectation. Four systematically distributed plots are suggested 
for each variety in the trial. The probable error may be calculated 
from the deviation from the mean of the variety method. It has 
about the same relative magnitude as that obtai ned from computing 
the probable error from the check plot method. If the test in rod 
row trials is conducted properly the use of the calculated probable 
error, as a means of determining the reliability or significance of 
any particular strain comparison, is justified both from the 
mathematical and practical standpoints. [Jour. Amer. Soc. 
Agronomy, 1925, 15, 177-192. H. K. Hayes.] 

The following are the results of a study of replication in relation 
to accuracy in comparative crop tests. In all the tests made large 
plotsrwere found to be more accurate than small plots. The mean 
percentage ranged from 2*31 with wheat plots 0‘032 acre in size to 
7'86 with oat plots 0*0016 acre in size. An increase in the length 
of plot has greater influence on decreasing the error than has an 
increase in width. Replication is much more effective in reducing 
error than is a change in either the size or shape of plots. If land is 
limited the frequent replication of small plots is a more efficient 
means of obtaining a high degree of accuracy than is the use of the 
same amount of land with less frequently replicated larger plots. 
Within the limits of the size and shapes of plots, and number of 
replications used in the experiments described it does not seem 
possible to reduce the probable error below 2 per cent, and to 
measure differences in yield of less than 6 per cent, with certainty 
unless eight to sixteen replications are made. [Jour. Amer. 8og. 
Agronomy, 1923, 15, 192-199. R. Summerby,] 

' ' ' ^ ■ / 

Historical account op cotton. 

References to the early literature regarding cotton are given 
from the inscriptions of Senacherib and Theophrastus. Philological 
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evidence is presented that cotton originated in Assyria and India 
and that it was not introduced into Egypt or Europe until the 
Arabic conquest. The author regards the statements in Pliny, 
other than those copied from Theophrastus, as largely interpolations 
of a much later date. The author suggests that if the accounts of 
Columbus and the early explorers are correct, iBom&oa; ceiSc? rather 
than Gossypium was the plant meant by “ cotton.” Since Columbus 
brought seeds of a number of plants on his second voyage, it is 
probable that he imported cotton, a crop perhaps new to the Indians 
since they were so reluctant to cultivate it. Most of the native 
cloth was made from the maguey. Cotton culture in Mexico is 
discussed in detail with a survey of all available references in 16th 
century literature. With regard to Peru, it is suggested that cotton 
was introduced at the conquest by the negro overseers. Evidence 
is given that the presence of cotton in graves is no safe criterion 
of its antiquity. [Bot Abstr., 1923, 12, 268; from “ Africa and the 
Discovery of America,” VoL II, 1922. L. Wibnee.] 
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PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


Mr. Girja Shanker Ba.tpai, C.B.E., I.C.S. (United Provinces), 
has been appointed Under Secretary to the Government of India 
in the Department of Education, Healtli and Lands from 3rd 
September, 1923. 

* 

Mr. D. Balakrishna Murti, on return from leave, has been 
posted as Professor of Agriculture and Superintendent, Central 
Farm, Coimbatore. 

• • 

* 

:js , ■ ; ' ■ 

xMr. P. H, R..\ma Reddi, M.A., B.Sa., on relief by 
Mr, ' D. Balakrishna Murti, lias been appointed Deputy Director of 
Agriculture, in Circle, Madras. 

* 

* * 

Mr. D. a. D. Aitchison, M.R..C.V.S., Principal, Madras 
Veterinary College, has been placed in charge of the current duties 
of the office of the Chief Superintendent. Civil Veterinary 
Department, Madras, in addition to his own duties, during the 
absence of Mr. F. Ware on combined leave for one year from 1st 
October, 1923. 

5jc . 

Mr. T. F. fMAiN, B.Sc., Deputy Director of Agriculture, Sind, 
has been granted combined leave for ten months from the date 
of relief by Mr. T. Gilbert. 

- - r** 

Mr. Abdul Kahman Malie has been appointed to act as 
Deputy Director of Agriculture, Eastern Circle, Bengal, from 21st 
July, 1923, vice Mr. K. McLean appointed to officiate as Fibre 
Expert to the Government of Bengal. 
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Mr. H. W. Stewart, Agricultural Engineer, Bihar and Orissa, 
has been granted leave on average pay for nine days from 26t]i 
October, 1923. 

CAptain P. B. Riley, Deputy Director, l^orth Bihar Range, 
has been ooufirined in his appointment in the Indian Veterinary 
Service from 21st March, 1923. 

* 

Dr. H. M. Leake, M.A., Sc.D., Director of Agriculture, United 
Provinces, has been placed temporarily on foreign service under 
the Govenmient of the Sudan, from 9th October, 1923, or subsequent 
date. 

The services of Mr. 0. T. Eaulkner, B.A., Deputy Director 
of Agriculture, Punjab, have been transferred permanently to, the 
Nigerian Service from 15tli June, 1921. 

* 

* • 

Mr. T. a. Miller Brownlie, Agricultural Engineer to 
Government, Lyallpur, has been appointed to officiate as Principal, 
Punjab Agricultural College, vice Mr. D. Milne, acting as Director of 
Agriculture, Punjab. 

* 

* * 

Rai Sahib Lala Jai Chand Luthra has been promoted to 
the Indian Agricultural Service and appointed Associate Professor 
of Botany, Punjab Agricultural College, Lyallpur, from 27th 
August, 1923. 

sj: ■ . 

Having finished his work in tte Punjab Irrigation Department, 
Sardar Sahib Kharak Singh, M.A., resumed charge of his duties 
as Associate Professor of Agriculture in the Punjab Agricultural 
CoUege, Lyallpur, on 19th July, 1923. 
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Me. T. J. Igan, M.R.C.V.S., Assistant Superintendent 
Government Cattle Farm, Hissar, was on one month’s leave on 
average pay from 24t]i August, 1923. 

# ■ , 

3|: Sit ■ 

The services of Me. R. T. Peael, B.Sc., A.R.C.S., as 
Mycologist to the Government of Central Provinces will terminate 
after 30th November, 1923, on the expiry of the combined leave 
granted to him. 

^ ^ ■ 

Me. S. T. D. Wallace, V.C., B.Sc., Officiating Deputy 
Director of Agriculture in charge of Animal Husbandry, Central 
Provinces, has been confirmed in his appointment in the Indian 

Agricultural Service from 25th April, 1923. 

• * ' ■ 

*** 

Me. C. W. Wilson, M.R.C.V.S., Superintendent, Civil 
Veterinary Department and Veterinary Adviser to Government, 
Central Provinces, has been granted combined leave for one year 
from 1st November, 1923, Mr. R. F. Stirling officiating. 

* 

* * 

Me. Leslie Loed, B. A., Deputy Director of Agriculture, 
Northern Circle, Burma, has been granted leave on average pay 
for seven months from 9th September, 1923. 

* 

Me. W. Geegson, Deputy Director of Agriculture, Burma, 
has been transferred from Myingyan and posted to duty with 
headquarters at Mandalay from 1st September, 1923. 

Captain A. O’Neill, Civd Veterinary Department, Burma 
the termination of whose services has been sanctioned by the 
Secretary of State for India, was relieved of his duties on 
2nd July, 1923. 




The Science and Practice of Coconut Cultivation. — By H. C. Sampson, 

C.I.E., B.Sc. (London : Jolm Bale Sons and Danielsson, Ltd.) 

Price, 315. 6d. 

Me. Sampson’s long expected book on the coconut palm has 
been published, and it is a valuable addition to the scanty literature 
that exists on this important commercial crop. The coconut palm 
is cultivated largely on the West Coast of India, and especially 
in the Native States of Travancore and Cochin and in the Malabar 
District of the Madras Presidency. Mr. 'Sampson’s connection with 
the Madras Agricultural Department, first as Deputy Director 
and later on as Director of Agricultme, gave him ample opportunity 
to study the problems connected with coconut cultivation. He 
collected a mass of useful information about local practices and 
methods and conducted his own experiments and investigations at 
the coconut stations recently started by the Madras Agricultural 
Department. All this information and results of his experiments 
and investigations are embodied in the book under review. It is 
divided into three parts : the first deahng with the morphology 
of the coconut palm, the second with the planting and management 
of the plantation, and the third with the manufactixre of coconut 
products. 

The most important chapter in Part I is that which deals 
with the root system. The study of the root system of the coconut 
palm has been neglected so far, and it is very creditable that 
Mr. Sampson recognized the importance of this subject and made 
a careful and detailed study of^it. The efiect of drainage and 
aeration of soil on the development of roots and the necessity for the 
removal of the dead rootlets and for the maintenance of a s6il 
mulch by frequent cultivation have been well brought out by the 
author. It is a common belief among cultivators that the seed 
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Duts from trees growing on the seacoast should not be used for 
planting in the interior parts. Mr. Sampson gives a rational 
explanation for this belief on page 3 of his book. He says: 
“ Some trees will send their roots obliquely into the soil, while in 
others the greater number of roots will grow in a much more 
horizontal direction. In all probability it is for tliis reason that the 
practice has arisen to obtain seed nuts from trees grown under 
similar soil conditions to those on the area required to be planted 
up.” The variations in the root system caused by good or bad 
drainage, the influence of the permanent stagnant water table on 
the growth and productiveness of the tree, tlie difference between 
“ feeding roots ” which grow more or less horizontally on the 
surface, and the “ water roots ” which grow downwards till thev 
reach the water table, the drought resisting power and the high 
yielding capacity of treesr with deep water roots, these and other 
observations based on a study of tlie root system will prove higldy 
beneficial to any practical coconut cultivator. 

In the remaining chapters of Part I, the author describes the 
stem, the crown, the leaf, the flower, the fruit, the germination of the 
seed and the development of the seedlings. The description is 
interesting from the scientific and the practical point of view. The 
hints contained in these cliapters for the identification of good trees 
from which seed nuts are to be selected are of special interest to all 
prospective coconut cultivators. A regular and heavy yielding 
tree can be recognized from the leaf scars on the stem, which will 
be deep and close together. Again, the crown of such a tree will be 
compact, the leaves being close together, and it may contain as 
many as 35 to 40 leaves. The leaf-stalks should be short and 
thick Avith wide leaflets. I'rees having long and slender leaf-stalks 
with narrow leaflets should be avoided. The fruit stalks should 
similarly be short and thick. Seed nuts selected from such trees 
are the best for planting. Proj^pr attention is not being paid to 
these points at present. It must be remembered that the coconut 
is a long standing tree. Its age may go up to 100 years and more 
under favourable conditionsi The evil effect of any mistake made 
in the selection of the seed nut will last throughout the life-time 
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of the tree, aad heace the iaiportaace of bestowiag the greatest care 
oa the selectioa of seed aats caaaot sufficieatly be emphasized. 

la Part II which deals with the plaating of cocoaut seedlings 
aad the subsequent maaagemeat of the plantation, the author 
makes many UvSeful suggestions in regard to the selectioa of the 
site, the quality of the land suited to coconut cultivation, the raising 
of seedlings in the nursery, the method of planting and the distance 
at which seedlings are to be planted, the application of manure, 
the cultivation of cover crops, etc. In regard to the method of 
planting the author deprecates deep planting which is practised on 
the Malabar Coast. Deep planting is not practised on all kinds of 
soils. Only on elevated laterite lands exposed to the wind is this 
practice adopted, and from general experience it is found that on 
such lands deep planting has distinct advantages. 

Ill Part II the chapter which sliouhl attract the prominent 
attention of the reader is the one dealing witli manuring. Prom 
the numerous analyses of the different parts of the tree conducted 
at different stages, which are given in tabular forms in this chapter, 
one can easily find out the food requirements of the tree at each 
stage and adopt a rational and economic .system of manuring suited 
to such requirements. Coconut is a crop which responds readily 
to the application of manure. Trees which yield on an average 
25 or 30 nuts per annum can be made to yield double that number 
and even more by a proper system of manurrng. At present very 
little manuring is being done on the Malabar Coast, and the little 
that is done is not based on any scientific principle. There is 
considerable scope, therefore, for the development and improvement 
of the method of manuring. Mr*. Sampson has only touched upon 
the fringe of this complicated problem of manuring the coconut 
palm, but he has opened out the way for further investigations 
and experiments and indicated the lines along which the work 
should be carried on. This in its^l&is of great value. 

Part III deals with the manufacture of copra, coconut oil and 
other products. The ordinary methods that are practised in cocondt 
growing areas are described and they do not call for any special 
remarks. 
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One noticeable drawback of tbe book is the absence of a chapter 
dealing with diseases and pests. Coconut is subject to the attack 
of very many serious diseases and pests and a great deal of original 
work has been done on them in Ceylon. The Ehinoceros beetle, 
the Bed weevil and Nephantis serimpa are some of the serious 
pests, and the root disease, the bud-rot and the stem bleeding 
disease are the most important fungoid diseases of the coconut 
palm on the Malabar Coast. A description of these pests and diseases 
and of the remedial and preventive measures so far known, would 
have added considerably to the xisefulness of the book. It should 
also be noted with regret that the question of the nut fall has not 
been fully dealt with in the book. Nut fall may be caused by the 
attack of fungus, or by the non-fertilization of ovules or by 
alterations in the physiological condition of the tree brought about 
by water stagnation in the soil and defective aeration. Practical 
coconut cultivators would have welcomed a description of these 
causes, tlie circumstances under which they occur and the measures 
to be adopted for remedying them. 

In spite of these drawbacks which, it is hoped, will be removed 
in a subsequent edition, the book on the w'hole is a creditable 
production, and it should find a place in the home of every present 
and prospective ■ cultivator of the Kalpa Vrikaham (The Tree of 
Life) of Kerala. [N. K. P.] 

Kalide Murghi Khana (in Urdu) : Key to Poultry Keeping.— 

By Tahib H. Queashy, B.Sc., Late Farm Manager, U. P. 

Poultry Association. Pp. 268. Illustrated. Price, Rs. 3. 

The activities of the U. P. Poultry Association, under the 
able guidance of Mrs. A. K. Fawkes, have created w'ide interest 
in poultry breeding in Northern India, and the publication of this 
manual will to some extent nv^^t the requirements of a large 
class of people to whom books written in English are of little use. 
l£ is planned on a more ambitious scale than Mrs. Fawkes’ 
brochure on “ Murghion ka rakh-rakhaw ” and deals briefly 
but adequately with all aspects of poultry keeping, but it cannot 
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be said tliat tlie author has succeeded in making clear the 
principles of Mendelism to the class of readers for which it is 
intended. In chapters dealing with the selection and breeding 
of fowls, housing and feeding, the author has assimilated the 
valuable experience gained by him at the Lucknow model 
farm, and the instructions given should prove of great benefit 
both to the professional who rears poultry for the market and 
the amateur who keeps fowls for domestic consumption. Many 
country medicines have been mentioned in the chapter on 
treatment of diseases, and some of them are no doubt both 
economical and beneficial. ^ [S. M. J.] 

* 

* * 

The Cotton-growing Countries : Production and Trade.— Compiled by 
Mb. John Hubboce, Agent Technique of the Statistical 
Bureau of the International Institute of Agriculture, Rome, 
1922. (John Heywood, Ltd., 121, Deansgate, Manchester; 
20-22, St. Bride Street, London, E. 0. 4.) Price, 5s. 

This monograph is an inventory of the world’s cotton crops 
made up from various earlier publications on the subject and 
brought lip to date from the results of a questionnaire sent to the 
governments of the known cotton-growing countries in 1921. The 
ground covered is wider than in any previous publication, though 
cropping details in many localities are somewhat scanty. 

It is a decided step forward towards the attainment of a 
complete statistical picture of the world’s cotton crops. The 
opportunity to tap the widest possible sources of information, such 
as is provided to the compiler in the International Institute of 
Agriculture, has been well used and the conciseness and methodical 
arrangement of material makes this small volume an invaluable 
means of reference for all those interested in cotton production. 

special feature is the la^ measure of success that has 
accompanied the effort to give, in analysis, as great detail of acreage 
under cotton, total yield and yield per acre, for the world at large, 
as has already been done for the American, Egyptian and Indian 
crops in particular. Difierentiation between the production of 
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long and short staple cotton in the various countries is also 
emphasized. 

Whilst this is probably the most comprehensive survey of its 
kind, it shows quite frankly the gaps that luust be filled before the 
measure of the world’s ability to increase its ))T‘oduction of cotton 
can be remotely nieasured. The volume is im])ortant in indicating 
the vast extent of the unknown as well as the kno«'n factors. With 
China’s cotton crop figures too uncertain to be included, the 
possibilities of Central Africa, N. and S. of the Equator, and of 
the depths of Brazil are only hinted at. 

Tables on pages 132-142 give interesting hgiiref. of cotton 
exports from 93 countries and imports into 84 (•(>iintri(‘.s. The last 
five pages give cotton prices from 1912-1921 of .Middling American 
in New Orleans, f. g. f. KSakel in Alexandria and G. ()., M. and 
M. F. in Liverpool. [The British Cotton Indnstry Research 
Association, Vol. Ill, No. 4.] 



NEW BOOKS 

ON AGRICULTURE AND ALLIED SUBJECTS 


1. Manual of Entomology with special reference to Economic 

Entomology, by H. Maxwell Lefroy, M.A. Pp. xvi 4-31:2. 
(London: Edward Arnold & Co.) Price, 35s. 

2. The Irrigation of Sugarcane in Hawaii, by W. P. Alexander. 

Pp. V4-109. (Honololu and Hawaii : Hawaiian Sugar 
Planters’ Association, 1923.) 

3. Elementary Agriculture, by Henry J. Waters. Pp. ix4-349 

-|-6 plates. (Boston and London : Guin & Co.) Price, 
os. net. '' 

4. Scientific Eeeding of the Domestic Animals (authorized 

translation from the third German edition of Paul 
Fischer), by Martin Klimmer. Pp. 252. (London; Baillike, 
Tindall & Cox.) Price, 18s. net. 

5. Insect Life, by C. A. Ealand. Pp. 352. (London : A. and C. 

Black, Ltd.) Price, 10s. net. 

6. Practical Plant Ecology, by A. G. Tansley. Pp. 228. (London : 

G. Allen and Urwin.) Price, 7s. 6d. 

The following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue:— 

Memoir. 

1 . Studies in Inheritance in Cotton, I. History of a cross between 

(}. herbaceum and G. neglectum, by G. L. Kottur, M.Ag. 
(Botanical Series, Vol. XII, No. 3.) Price, R. 1-4 or Is. 9d. 

Indigo PtMication. 

2. Indigo Experimeilts, 1922. The effect on produce when 

vat liquor is allowed to stand in the beating vat and beating 
is delayed ; (2) the effect of neutralizing the liquor with 
caustic soda before beating, by J. H. Walton, M.A., M:8c. 
(Indigo Publication No. 12.) Price, As. 4. 
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LIST OF AGRICULTURAL PUBLICATIONS 
IN INDIA FROM THB 1st FEBRUARY 
TO THE aiST JULY, 1923 


No. 

Title 

Author 

Where ,pub!ished 


GENEEAL AGRICULTURE 



The Afp'iciiUural Journal of \ 

, India, Vol XVIIl, PartBlI, i 
III and IV. Price, R. 1-8 or 
■2s. per part ; aiiiiual subscrip- 
tion, Rs. (> or 9 a Sc?. 

Edited by the Agricul- 
tural Advi.ser to the 
Governiuent of Indiii. 

Messrs. Iduu^ker, . Spink 
& Co.. CUiCJUtta. 

2 

Annual Eeixirt of the Board 
of Scientific Advice for India 
for 1921-22. Price, R. 1. 

Issued by the Board of 
Scientific Adduce for 
India. 

Oovernmeut P r i n t i n g, 
.India, Cakmtta. 

3 

Summary of Tables showing 
the totid am, area cultivated 
and uncultivated, area under 
irrigation and jirea under 
difiercuit crops in British 
India in the Agricultural Year 
, 1921-22. Price, .As. -4. 

Issued by the Ounmer- 
cial I n t e 1 1 i g.e n c e 
Department, Iiulhi. 

1 ■ 

■ ..Ditto 

4 

Agricultural Statistics of Bengal 
for 1921-22. . Price, E. 1-12., 

Government of Bengal, 
Agriculture and Indus- 
tries Department. 

Ikuigal Govomment Press, 

: Calcutta. . 


Cultivation of Jute for seed . • 

R. S. Finlow, B.8o., f.lo., 
Offg. Director of Agri- 
culture, Bengal. 

Ditto 

'6, 

Bengal Agricultural Journal. 
(Quarterly.) (In English and 
Bengali.) Annual subscrip- 
tion, B. 1-4 ; single copy, 
As.5.. 

Issued by the Depart- 
ment of Agriculture, 
Bengal. 

Sreenath Press, Dacca. 


Season and Crop Report of 
Bihar and Orissa for 1922-23. 
Price, R, 1. 

Issued by the Depart- 
ment of Agriculture, 
Bihar and Orissa. 

Government Printing, 
Bihar and Orissa, 
Patna. 

8 

Report on the Working and 
Administration of the United 
Provinces Government 
Gardens for the year 1921-22. 

Issued by the Depart- 
ment of Agriculture, 
United Provinces. 

Government Press, 
United Provinces, 
Albihabad. 

9 

r 

Report on the Operations of 
the Department of Agricul- 
ture, Punjab, for the year 
ending the 30th June, 1922. 
Part I. Price, R. 1. 

Issu^ by the Depart- 
of Agriculture, 
Punjab. 

Government Printing, 
Punjab, Lahore. 

10 

Pamphlet on Orange Culture 
in the Punjab. Price, As, 5. 

IHtto 

Ditto 


LIST OF AORIOtTLTtJBAL PUBLIGATiONS. 6t3 


LIST OP AGRICULTURAL PUBLICATIONS— conW. 


No, 

, Title 

Author 

Where published 


General Agricultufe-^oontd, 


'■n 

lleport on the third regular 
Wages Survey of the Punjab 
biken in December, 1922. 
'"Price,. B. 1-2. 

Issued by the Depart- 
ment of Agriculture, 
Punjab. 

Government P r i n t i n g, 
Punjab, Lahore. 

■12 

Water Hyacinth {Eichornia 
crassipes). Punjab Depart- 
ment of Agriculture Ijeaflet 
No. 12. (Revised.) 

Ditto 

Ditto 

■' u 

Tractors and Tractor Im pie- 
men ts, Punjab Department 
of Agriculture Leaflet No. 21 
of 1923. 

H. R. Stewart-, Professor 
of Agriculture, aud D. 

P. Johnston, Deputy 
Director of Agricul- 
ture, Lyallpur. 

Ditto 

14 

Report on the complaints of 
the abnormal state of the 
Cotton erop in 1921. Price, 
Es. 4-10. 

D. Milne, B.sc,, Economic 
Botanist, Punjab. 

Ditto 

15 

Graphs of Humidities and 
Temperature connected with 
the Report on the complaints 
of the abnormal state of the 
Cotton crop in 1921. 

Ditto 

Ditto 

1(5 

Report on the Cotton Survey 
of the Ludhiana District in 
1920. Price, Rs. 14. 

L. Jai Chand Luthra, 
M.se., 0%. Economic 
Botanist, Punjab. 

Ditto 

Vi 

Report on the Cotton Survey 
of the Shahpur District in 
1916. Price, Rs. 25. 

D. Milne, B.sc., Economic 
Botanist, Punjab. 

Ditto 

18 

Annual Report of the Depart- 
ment of Agriculture, Bombay 
Presidency, for the year 
1921-22, Price, R. 1-5. 

Issued by the Depart- 
ment of Agriculture, 
Bombay. 

Government Central 
Press, Bombay. 

19 

A Note on Well-boring. 
Bombay Department of 
Agriculture Bulletin No. Ill 
of 1923. Price, As. 8. 

W. M, Schutte, Agricul- 
tural Engineer to the 
Government of 
Bombay. 

Ditto 

"\:'20 

Report on the Operations of 
the Department of Agricul- 
ture, Madras Presidency, for 
' ' the' year, 1922-23. 

Issued by the Depart- 
ment of Agriculture, 
Madras. 

Government Press, 
Madras.. ' 

■ 21 

Annual Reports of Agrioultural 
Stations in the Madras 
F residency for 1922-23. 
(For official use only.) 

Ditto 

^ ■ 

Ditto 

22 

Villagers* Calendar for 1923-24. 

Ditto 

: 'Ditto:: ; . ' '■ 

23 

Vear Book for 1922. Price, 

■" As. 10. , . 

Ditto 

Ditto 
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LIST OF AGlilCULTURAL PUBLlC'ATIONS-«o»<rf. 


'NiK 

Title " 

Author 

\MK*re publishecl 

" ' . ■ ■ 


Gmeral Agrictdtiire---QonU^ 


■.24 

A Popular Aeeoiiut of t^he 'W’ork 
.■of the, M'a.'dra.« Agricultural 
'Department; 

Issued by the Depart- 
ment rtf Agriculture, 
Aladras. 

G- o V cr n m 'e n 1 ' Press, 
Mud ras. 


3’hc r<‘lations existiiiLf between 
the Research Jnstitut(‘, the 
Agricultural 8tati<»ns and 
the Ryots, ^ladras Depart- 
ment of Aij!rieultnr(‘ l^ea Het 
Xh). 21 

Ditto 

Ditto 

'■■20 

Bone Crushing Mill. Hadras 
Department of Agrieulture 
"Leadet No. 22. ■ 

Ditto 

Ditto ' 

27 

The A g r i e n i t u r a 1 College. 
Ala dm a De pa it m en t ( d A ^y\ - 
eultnie lA^ailtd No, 23. 

Ditto 

# ■ ■ 

Ditto 

28 

r 

A Beljeine foi* tlie diatiibution 
of lireeding bulls. (Tn verna- 
eiilii rs only. ) l\Tad ras Depa rl - 
inent <jf AiiHonltun' Leaflet 
No. 24. 


Dittfi 

29':'; 

The Sindewahi h’nrnaee for 
daggery AI a n u f a e t u r e, 
Afadras 1) e ]> a r t m e n t o f 
Agrieulture l^eaflet No. 25. ' 

Ditto 

;■ Ditto , 

■' 30 '' 

A Note on tlie Dernonsti'ation 
of Agri(;iiltural Improve- 
ments carried in V Circle 
[Tanjore and Triehinopoly) 
during the Brst crop season 
in 1922-23. Aladras Depart- 
ment of Agriculture leaflet 
■ No. '27.. 

Ditto, 

. Ditto . 

''31 

Note on the Agricultural 
Middle Behool at Anaka.])alle. 
(In Telugu only.) .Madnis 
Department of Agrimdture 
Leaflet No. 28. 

Ditto 

'Ditto, ■■ 

32 

Note on the improved methoils 
o f ]> a d d Y a n d siigai'cane 
cultivation. ( I n 1" e 1 u g u 
only.) ATadras Department 
of A g r 1 c u I t u r e Leaflet 
No. 20. 

^ Ditto 

Ditto 
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No. 

Title 1 

Author 

Where published 


QemmlAgricuUure — oontd. 


■ ' :S3;^ 

How . to ■' can fruits , 'and , yege-, 
tables at borne. (In English 
and Bengali.) A s s a m 
Department of Agriculture 
Leaflet No. 1 of 1923. 

Issued by the Depart- 
ment of Agriculture, 
Assam. 

Assam Seer e ta r i a t 
Pr i n t in g 0 file e , 
Shillong. 

. $4^ 

Report on the Operations of 
the Department of Agricul- 
ture, Burma, for the year 
ended the 30th June, 1922. 

■■ ■'■ Price, ''R., 1. ", 

Issued by the Depart- 
ment of Agriculture, 
Burma , 

Government P r i n t i n g, 
Burma, Rangoon. 


Agricultural C a 1 e n d a r for 
1923-24. (In Burmese.) 

Ditto 

Ditto 

36 

Report of the Agricultural 
Chemist, Burma, for the year 
ended the 30th June, 1922, 
Price, As 4. 

Ditto 

Ditto 

37 

Report 0 f the Econo m i e 
Botanist, Burma, for the 
year ended the 30th June, 
1922. Price, As. 4. 

Ditto 

Ditto '■ 

38 

Report of the Assistant Director 
of Agriculture (Entomology), 
Burma, for the year ended 
the 30th June, 1922. Price, 
As. ,4., 

Ditto 

Ditto 

' ■39: 

R e p or t of the Agricultural 
Engineer, Burma, for the 
year ended the 30th June, 
1922. Price,' As. '8. . 

Ditto 

Ditto 

■40 

Report on Sericultural Work 
for the year ended the 30th 
June, 1922, Price, As. 4. 

Ditto 

DitoO 

■ * 41 

Report on the Pump Irriga- 
tion at Chaungu (Sagaing), 

1 1921-22. Price, As. 4. 

Ditto 

Ditto 

'■ ',42 

R e p 0 r t 0 n t h e Mandalay 
Agricultural Sta- 
tioh for the year ended 
the 30th June, 1922. Price, 

"''As. '4. , : ■ 

Ditto 

Ditto 

43 

Report on the Alia nniyo Agri- 
cultural Station for Hie year 
j ended the '30th June, 1922. 

1 Price, As, 4, ■ 

■ Ditto 

'Ditto "' 

44 

n 

'1% . 

1 Report on the Hopin Agrieul- 
j tural Station for the year 

1 ended the 30th June, 1922. 

; Price, As. 4. 

Ditto 

'■ '.Ditto ' ■ 
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No. Title 


Arthur ■ , 1 , W'liere pubiiMlitJcl 


(k tt titt I Agt kid t a coi 1 1 d. 


45 

.Hefiort nil the Padu Agncul- | 
t II rn i tSl a t iu u f n r i lie yea r j 
eiiiiod tiu' :{(Hh .)uue, 1022. 
!Mce, A^. 4. 

liisued by the 

ment iJ Agrieiiltuie, 
Riinna. 

(.hivoriinu'nt i- i u t i 11 g. 
Burma, Rangoon. 

m 

Ueport on the Yawnghwe Agri» i 
euitiiral Station for the year | 
encied the ‘hHh Jinie, 1922. ; 
Priee, As. 4. 

Ditti) 

. Ditto ' 

. 47 ' 

Report on the Tatkoii Agri- 
caltiiral Station for the year 
ended the 30th June, 1922, 

'■ Price, As. , 4. , 

Ditto 

Ditto 

48 

Report on the Hiuawhi Agri- 
cultiirai Station for the year 
ended the 30th June, 1922, 
Price, A.S. 4. 

Ditto 

■Ditto 

' 49'. 

Report on the Mahiaing Cotton 
lixpeninental Station for 
the vear ended tlie 30th 
June; 1922. Ih ice, As. 4. 

Ditto 

, Dii'to ■' 

50 " 

Rc|)oi,t »)f tlte Agrieidturai 
StativniH at Tnrnah and 
Ifaripiir in tlie Nortii-West 
BYontier Province tor tlie 
tuo veara ending the 3t4h 
June; 1922, 

Issued by thi! Depart- 
meut iif .\grieulture, 
YorthAVest Frontier 
Province. 

G i.> V e r n in c a t'P ress, 
Peshawar. 

; 51 : 

Report on the Operations of 
the Department of Agrievil- ' 
turn and Fisheries, Travan- 
core, for the year 1921-22. 

Issued by the Dejiart- 
ment of Agriculture 
and Fisheries, T ra van - 
core. 

. G' 0 V e r 11. in e n t ,P r e s s, 
Trivandrum. 

.52 ' 

Annnal Report of the Agri- 
e ult nral iSepa rtment , Gwalior 
Government, for 1921-22. 

Issued by the Depart- 
ment of Agriculture, 
Gwalior. 

;. A'' 11 j h. Bar bar P r e' s .s, 
Lashkar. 

\.53 

Anmial Rexiort of the Agri- 
onltnral Department, Mysore, 
'for, the year 1921-22, 

Issued by the Dejm rt- 
ment of Agriculture, 
Mysore. 

'Govern ra. cn t P r .e s, 
Bangalore. ■ 

54 

Report on the administration 
of the village Panchayats 
and Department of Agricul- 
ture in the Cochin State for 
;;:the year 1,921-22.., " 

Is.sued by the Defmrt- 
ment of Agriculture, 
Cochin. 

'■ Govern ."m 0 n t P r e s b, 

• E.rnacuhim. 

. ' '55 

Die Javrnnl of the Afadras 
Agricvltural llniofu 

(Monthly.) Annual .subs- 

cript ion, Rs. 2. 

Ma dra s Agrieultu ral 

■ ' Unhm- , 

Literary Sun P r e s s , 
Cuirabatore. 

"56 

Quarterly Journal of the Indian 
Tea Assordaiioii, Price, As. 6 
per copy. 

Scientific Department 
of the Indian Tea Asso- 
ciation, Calcutta. 

Catholic Orphau Presr, 
Calcutta.. 
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LIST OF AGRICULTURAL PUBLICATIONS— coiiiA 


No.'. 

, ".Title/" 

, ■■ ' ■ . ■ ■ . ■ . ■, ■ , 

Author 

Where published 


General Agricidtnre — concld. 


' 57 

Poona Agrmdtimil College 
M.agazine. (Q n a r t e r 1 y. ) 
Annual subscription, Rs. 2, 

College Magazine Com- 
mittee, Poona. 

Arya Bhusaii P r e s s , 
.IViona. 

58 , 

Journal of the Mysore Agri- 
cuUural ami Experimental 
Union. (Quarterly.) Annual 
subscription, Rs. 3. 

Mysore Agricultural 

Experimental Union. 

Bangalore ].^res3, 

BangJtlore. 

' ■■ 59' 

Indian Scientifi^^ Agricul- 

turist. Aniuial subscription, 
Rs. ,4. 

Alliance Advertising 

Association, Ltd., 
Calcutta. 

Messrs. Bera' , & Co., 
Printers, Calcutta. 

.".60, 

The Planters\ Ckronide, 

(Weekly.) Price, As. S per 
c<.')py. . 

United Planters’ Associa- 
tion of South India, 
Coimbntore. 

E. P. Works, Coimbatore. 


AGRICULTURAL CHEMISTRY 

61 Gliemieal Studies on Safflower V. A. Tanihaiie, M.se., Messrs. Thacker, dpiiik 

Seed and its Gerinination. M.Ag., Soil Physicist to & Co., Calcutta. 

Menioirs of the Department of Government, Bombay. 

Agriculture in India, Chemi- 
cal Series, Vol. VI, No. 7, ' ^ 

Price, As. 10 or Is. 

62 Note on the Permanent Ronald V. Norris, D.so., Ditto 

Manurial Plots, Coimbatore. Government Agricui- 

Meinoirs of the Department tural Chemist, Coim- 

of Agriciiltiire in India, batore. 

Chemical Series,; Vol VI, ' ' 

I No. 8. , Price, R. 1-4 or l5. 

63 ! A Note on Hydrocyanic Acid F. J, Warth, b.sc., M.se., Ditto 

in tlie Biiimia Bean (P/m^eohts Physiological Chemist, 
lunatm s}^). Memoirs of the Pusa. 

Department of Agriculture 
• in India, Chemical Series, 

Vol VII; No. 1. Price,' " ■ ■ ' . ' , 

■ 'I 'As. 12 or Is. 

64 I Studies of an Acid Soil in A. A. Meggitt, B.sc., Ditto 

I Assam, II. Memoirs of the f.c.s., ‘ Agricultural 

I Department of Agriculture in Chemist, Assam. 

India, Chemical Series, Vol 
i VII, No. 2 Pric^ As. 12 or Is. i 

MYCOLOGY 

65 ihdm'uithosp^^rium spp. on M. Mitra, M.sc., Irirst | Messrs. Thacker, Spink 

Cereals and Sugarcane in Assistant to the Im- & Co«, Caleutt 
India, Cart I. (Disease.s perial Mycologist. _ : 

I . of Zea Mays and Sorghum “ C 

I mlgarc caused by species of 

I Ildtsinthosporium.) Memoirs 

I of the Department of Agri- ■ 

i culture in India, Botanical 

, Scries, Vol XI, No. 10. ■ 

. , ;i. Price. R. 1 or Is. 4d. 

, - 

: : 
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LIST OF AGRICULTURAL PUBLICATIONS— couirf. 


No.'' 

. Xitl© . 1 

Author 

Whew publkhed: 


— conoid 



L History of the Ojwratiuiw | 
against Bii6 Hot. of Piihus > 
in Sontli India. [L Inouula- i 
tkm/. Experiinenfcfi •with 1 

Fh^tophtkora palmiwm , 

Bntl. on Borasmtfi JIaMUfer \ 
Linn, and CocotS* nneifera | 
Linn. Memoira of the 
Department of Agricnlture 
la India, Botanicfi! Series, 

,, VoL, , XII, No.. 2. Price,/ 
K'. 1-4 or 2s, 

\V. McRae, M.A., i 

Acting 1 m p e r i a 1 | 
Mycoiogirtt- . ■ 1 

■i 

Messrs. Thacker* Spink 
& Cki., Calcutta. 

' 67 

Bed rot disease (Barn or Soka) 
in thick sugarcane. Punjab 
Department of Agriculture 
Leaflet No. 18. fBevised, 
1928.) 

D. Milne, b.sc., Economic 
Botanist, Punjab. 

Government P r i n^t i n"g, 
Punjab, Ijahore. 

68. 

Treatment of Smut by Copper 
Sulphate. Madras Depart- 
ment of Agriculture Leaflet 
No. 26. (In Telugu.) 

Issued %y the Depart- 
ment of Agriculture, 
Madras. 

Government Press, 
Madras. ■ 


r: , ' , 

AGRICULTURAL BACTERIOLOGY 

69 

Some Observations on Barren 
Soils of Lower Bari Doab 
Colony in the Punjab. Pusji 
Agricultural Besearch Insti- 
tute Bulletin No. 145. 
Price, As. 3 

S. M. Nasir, Bacteriolom- 
cal Assistant to the 
Agricultural Chemist, 
Punjab. 

1 

Government Printing, 
India, Calcutta. 


EOTOMOLOGY 


. ■ 70„, 

Flatyedra gossppiella, Saund., 
The Pink Boll-worm, in South 
India, 1920-21. Memoirs of 
the Department of Agricul- 
ture in India, Entomologi- 
, ., oal„Series, VoL m:No. 10. 
Price, As. 12 or la. 

E. Ballard, B.A., F.».a, 
Government Ento- 

mologist, Aladras. 

Messrs. Thacker, Spmk 
& Co., Calcutta. 

71 

Studies in Indian Dennaptem. 
Memoirs of the Deimrtment 
of Agriculture in India, 
Entom ologkal S e r i e a , 

VoL VII, No. 11. Price, 

E. 1-4 or la. 9d 

Morgan rife bard. 

Ditto 

72 

Further Notes on Pempheres 
affintSf Fst. (The Cotton 
Stem Weevil). Memoirs of 
the Department of Agricul- 
ture in India, Entomologicai 
Series, VoL VII, No. 12. 
Price, B. 1 or la. 4d 

' E. UHliird, ■F.E.s., 

Government Ento 

mologist, Madras. 

Ditte 

1 
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No. 


Title 


Author 


Entomology — coneld. 


7S 


74 : 


Au Account of .Experiments oH' 
the Controi of 8iga {SchtBm- 
bim) incerUllm i^in the 
Godavari Delta. Memoirs 
of the Department of Agri- 
culture in India, Entomolo- 
gioai Series, Vol VII, No. 13. 
Price, As. 14 or 4d 


E. Ballard, b.a., f.b.s,. 
Government Ento- 
mologist, Ma dras. 


A. d’Orchymont. 


I 


No, l—Hydrophilidm of India 
(Col.). A List of the Species 
in the Coilection of the Agri- 
cultural Research Institute, 

Pusa (Bihar). 

No. 2-— An Annotated List of 
Ichneumonidas in the Pusa 
Collection, 

No. 3 — A Second Note on j Major F, C. Fraser, i.M.s. 
Odonata in the Pusa Col- j 
lection. Memoirs of the | ‘^ 

Department of Agriculture in j 
In^, Entomological Series, | 

Voi. VIII, Nos. 1, 2 and 3. 

Price, R. 1 or la. 6d. j 


G. R. Dutt, B.A., Personal 
Assistant to the 
Imperial Entomologist. 


75 Notes on Indian Muscidai — 

! 1. Calliphormm Testacem, 

1 2. lihiminve. Memoirs of 

the Department of Agricul- 
ture in India, Entomological 
Series, Vol. VIII, No. 4. 
Price, As. 12 or la. 

76 1 The Cultivation of Lac in 
the Plains of India (TacAar- 
dia lacca, Kerr). Pusa Agri- 
cultural Research Institute 
Bulletin No. 142. Price, 
R. 1-8. 

77 1 het ii^izyplim jujuba) Fruit and 
its Fly Pest, Pusa Agricul- 

I tural Resec^rch Institute 
Bulletin No. 143. Price, As. 6. 

78 Catelogue of Indian Insects, 

■ ' ! ■ Part ' . 2- — Culieida?. , Price, ■ 

1 B. 1-10. 


•79 I Catalogue ' of Indian Insects. ^ 
Part 3-^Bombyliidae. Price, 
/'As. ,.8. ■ 

80 1 List of Important Insects 
injurious to cultivated crops 
in South India, Madras 
Department of Agriculture 
Bulletin No. 86, 


Where published 


Messrs. Thacker, Spink 
A Co., Calcutta. 


Ronald Senior-White, 
F. E. s. , Makriologist, 

The Kepitigaila 
Rubber Estates, I Ad., 
Ceylon. 


Rai Bahadur C. S. Misra, 
B.A,,. /First Assistant 
to the Imperial Ento- 
mologist. 


,J. L- Khare, f.e,s.. 

Lecturer in Ento- 

mology, Agricultural 
College, Nagpur. 

R o 11 a Id Senior-White, 
P.B.S., Malariologist, 
The Kepitigaila Rubber 
Estates, Ltd., Ceylon. 

Dittn 

1 

i T. V. Ramakrishna 

: Ayyar, Assistant Ento- 

mologist, Ma dras. 


Ditto 


Ditto 


Government Printing* 
India, Calcutta. 


bitto 


Ditto 


Ditto 


Go ve r n me nt 
''Madras.''' 


Press', 
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82 


83 


84 


8o 


VETERIiyARy 


Obf^orvatioris on M<>r}>hoiuL^\ 
aiu! .Lit'i‘-rv(*Ie of Filnria 
reCAindiftt (Jrassi. Pusa A^ri- 
c'uUurai Kcscart-h lnstitut<‘ 
llullafiii No. 144. ib'ice. 
A.s. (5. 

Annual Report of tlie Bengal 
Veterinary College for 1922- 

Annual Report of the Civil 
Veterinary Department, 
United Provinces, for the 
year ending tin* 31st Mareii, 
1922. Ihiee, R, 1-2. 

Annual R(‘port of the Camel 
S|»eeiallst, Punjab, for 1922- 
23. JViee, As.‘4. • 

Surra 'rra nsm issi( m Kxpcu’i- 
rnents nitli Tuhtnius all i me- 
and 'rieks. Ihinjab 
Veterinary Bulled in No. 12 
of 4923, ‘ 


M, Anant Namyaii iUo, 
Acting A s s i s t a n t 
■ P r o f e s s o r, Al'miras ^ 
Veterimu’y College. 


I s s li e d b y t li e Civil 
Veterinary D e |» a r t- 
inent, Bengal. 

I s .s u e d b y t It e Civil 
Veterinary B e p a r t- 
ment. United Provin- 
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Ditto 


■-c'amld. 


Where publisbrd 


Covernnieut P r I n t i ii g, 
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PUBLICATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA 


TO BE HAD FROM 

Tee Ofeioe OF THE Agriou LTUK A I4 Adviser TO THE Government of India, Pusa, Bihar, 
and from the following Agmtt 

m THACKER, SPINK & GO., Oalootta. 

(21 W. NEWMAN & CO., Calcutta. 

(3) Eai M. 0. SARKAR BAHADUR & 

SONS, Calcutta. 

m HIGGINBOTHAMS, LTD., Madras. 

(5) THOMPSON & CO., Madras. 

(6) D. B. TARAPORBVALA, SONS & 

CO., Bombay. 

A complete list of the publications of the Imperial Department of 
Agriculture in India can be^obtainec| on application from the 
Agricultural Adviser to the Government of India, Pusa, Bihar, or 
from any of the above-mentioned Agents. 

These publications are : — ^ 

1. The Agricultural Journal of India, A Journal dealing with aubjeots connected with 
agricultural economics, field and garden crops, economic plants and fruits, soils, manures, 
methods of cultivation, irrigation, climatic conditions, insect pests, fungus diseases, 
co-operative credit, agricultural cattle, farm implements, and other agricultural matters 
in India. Illustrations, including coloured plates, form a prominent feature of the Journal. 
It is edited by the Agricultural Adviser to the Governnaent of India, and is issued once 
every two months or six times a year. Annual Subscription^ Rs. 6 or9F. 6d., including 
postage. Single copy, R. 1-8 or 2«. 

2. Scientific Reports of the Agricultural Research Institute, Pusa. 

3. Annual Review of Agricultural Operations in India. 

4. Proceedings of the Board of Agriculture in India. 

5. Proceedings of Sectional Meetings of the Board of Agriculture, 

6. Memoirs of the Imperial Department of Agriculture in India : 

(a) Botanical Series. 

(b) Chemical Series. 

(c) Entomological Series. 

(d) Bacteriological Series, 

(e| Veterinary Series. 

7. Bulletins issued by the Agricultural Research Institute, Pusa. 

8. Indigo Publications. 

9,. : Books. ' ' , ■ ' ' 

The following are the publications of the last two years 

Scientific lieportB of the Agricultural ResearcWnstitute, Pusa (inciuding the Reports of the 
Imperial Dairy Expert and Secretary, Sffar Bureau), for the year 1920-21. Price, ,B. 1-8. 

Scientific Reports of the Agricultural Research' Institute, Pusa (including the. Reports of the 
Imperial Dairy Expert and Secretary. Sugar Bureau), for the year 1921-22. Price, As. 11 


(7) THACKER & CO., LTD., Bombay. 

(8) SUNDER PANDURANG, Bombay. 

(9) Rai Sahib M. GULAB SINGH & 

SONS, Lahore, 

(10) MANAGER, EDUCATIONAL BOOK 

DEPOT, Nagpur. 




Eafiew €if Agrioulfcural Operations in India, I920*2L^.' Fri<». K. 14. 

Eeview of AffriealfciiralOperations in, India, l9*2l-22,- Price. 11.14,, 

Froo.e©dings of tiie Board, of Airrkwitttr©' In India, held at Pu»a on Itie l$tk F#'briiarf» BC2, and 
followinjj days (with appendices). Price, E. I . 

Eeport' of the Proce^editiifs of the Fifth Kntomoloirioal Meefcinif, held at Ptwa* 5fch to lOth 
, February, IFJ3, , (in th§ pre$i,) 


MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA 


BOTANICAL SERIES 


VoL XI, No. ?11, Correlation of Colour Characters in Eioe, hjr O, P. HJBOtOE, M.a,, b.Sc, 
Price, E. 14 or 1#. 8d. 

,Vol. XI, No. yill. .The Inheritance of Characters in Rice, II, by F, R. PAEUrKLli, M.A., ag. 

Di p.ICan tab. 1, with the assistance of G. N. RAHQASWAiil AYtAKaAE, 
B.A., K, Eamiah, L.Ag., and 'C. E. SRIKIVaSA AYYAHOAE, ,I,.Ag. 
Price, R. 14 or U. 8d. 

YoL XI, .No, IX. A New Ginger Disease in Godavari District, by S, SUNDARARAIlAlf, ii,a. 
Price. R. I or D. 4d. 


Vol. XI, No. X. Bdminthasporium spp. on Cereals and Sugarcane in India, Part I. 

(Diseases of Mays »nd Sorghum migars cause*! by species of 
H^ffml?4Aosporfnm), by M. Mitra, M.8C. Price, H, 1 or 1#, 4d. 

Vol. XII, No. I. The Wheats of Bihar and Orissa, by ALBERT HowaRP, ai.B., jf.A. ; 

Gabeiellk L. C. Howard, A. ; and Abour Rahman Khan. Prioe, 
As. 8or9d, ^ 

Vol. XII, No. II, I. History of the operations against Bud Rot of Palms in South India. 

II. Inocmation Experiments with PhytopMhara paimimra Biitl. on 
Bormsus JiabiUifer Cocos nu€if§ra Linn , by W. BdoEAE, 

M.A., B.8C, Pi ice, E. l-4or2e, 

Vol. X^I, No, IIL Studies in Inheritance in Cotton, L History of a cross between <?, hm^armm 
and !?, mgUctumt by G. L. Kotthr, M.Ag. Price, E. 14 or In, 9d« 


CHEMICAL SERIES 

Vol. VI, No. 1. Investigations on Indian Opium, No, L Non-environiiiental Factors 
indiieneing the Alkaloidal Content and Yield of Latex from the Opinm 
'Poppy {Fapavsr somnifsntm)^ hy Harold E. Annrtt, d,sc. (Lond.), 
F.i.a. M.s.B.A.a.HARi Das SEN, M.sc.. and Hae Dayail Singh, B.sc. 
Price, R. 1-8 or 2«, 

Vol. VI, No. 11. Investigations on Indian Opium, No. 2* Tlie Effect of Non-environroental 
Factors on the Alkftloidal Content and Yield of Latex from the Opium 
Poppy {Papavsr somnijwum} and the bearing of the worfe on the 
fnnciioiis of Alkaloids in Plant Life, by Harold E. Annett, d.sc. 
(Lend.), F.i.a, M.s.E.A.a Price, Rs. 2 or 2«, 9d. 

Vol. VI, No. 111. Studies in Soil Moisture, Part I, by B, H. WiLSDON, b.a. (Oxon.), 
I.E.S, Price, R. l-8 or2<r. 

Vol, VI, Nos, IV Variations in some Characteristics of the Fat of Buffalo and Cow 
& V, Milk with changes in Season and Feeding ; The Mutual Applicability 
of the Analytical Figures for Butter, Fat and Ghee, by F. J. Flymen, 
A.o.O.L, and A. R. Padmanabha Aiyrr, B.A. Price, As. 12 or 1 a. Sd. 

Vol. VI, No. Vi. Investigations on Indian Opium, No. 8. Studies in the Meconic Acid 
Content of Indian Opium, by Harold E. Ankett, D.sc. (Loud.). f.LO., 
M.B.E.A.C . and Mathura Nath Bose, m a. Price, As. 6 or6d. 

Vol. VI, No. VIL Chemical Studies on Safflower Seed and its Germination, by V. A. 
Tambane. M. Sc., M. Ag. Price, As. 10 or l#. 

Vol. VI, No. VIII, Note on the Permanent Mannrial Plots, Coimbatore, by Boland V. 
Norms, IK Sc, Price, R,14 orls. 0d. 

Vol Vn, No. I. A Note on Hydrocyanic Acid in the Burma Boan {Phctssolus lunatus, sp.), 
by F. d. Wakth, M 8c„ t****^. Price, As. 12 or 1#. 

Vol. VII, No. II. Studies of an Acid Soil' In Assam, II, by A. A. Meggitt, b.sc. 
Price, As. 12 or lx. 

Vol. VII, No. IIL A Preliminary Note on the Decomposition of Calcium Oyanamide in 
South Indian Boils, by Roland V. Nohris, d.sc., f.i.o., B. Viswa- 
NATH and C, V. Ramaswami Ayyak, L.Ag. Piice, As. 12 or lx. 


SERIES .. 

VoL Vll, Mo* ?I. tfile'liislories of Indian Insects* Dipi^mz Sphryramphaim k 0 ar$etami^ 
Wesfcw., by S# K* Ben, b,Sc. Price, As. 12or 1«. 

ITol. VII, Hos, ITU New ami Bare Indian Odonata in tbe Pusi Oolleotion ; Piirfebier Notes 
& ¥III, on Ebinocypha liarviee, by Major F. 0. Fraser, Price, IL 1-4 

or 9d. 

Voi* fll, No. IX# Notes on Indian Dipfcera, by Bonald Senior-White, B'.b.s, Price, 
B. 1-12 

1?ol, Til, No. X. Plaf<yedm Qo^ngpidla, Saund., Pink Boll-worm in South India, 1920*21. 

by F. lUULARD, B.A., F.B.8. Pi'IO ^ As. 11 Oi* U. 

Tol. Tff, No, XI. Studies in Indiati liermaptera, by Moroan Hkbahd. Price, B. 14 or li. 94. 
VoL Vll, No. Xil. Further Notes on Pemphams a(tbdH, F!*t, ( I'he Oottoii Stem Weevil), by 
K. Baulard. B.A., y E s. l*rice, B. 1 or k. Id. 

Tol# VII, No# XIII# An Account of Experiments on the Oonrrol of Sigta (SohanoMns) 
m(^$rUUm in the (lo lavari Delta, by K. Ballaro, r,a., f#b,s, 
P»ice, Ah. 14 or Is. 44. 

VoL Till, Nos, I, It of India, by A. o'Orchvmont ; An Annotated List of 

^111. IchnetmioiiidiB in the Pusa Oollec«ioii, by 4. R. l>UTr, b*a. ; 

A Second Note on Od<mata in the Pusa Uollection, by Major F. O. 
Fra.sbr, Price. H. 1 or B# 64. 

Tol. Vin, No. IV. Notes on Indian Mtiscidse, by H. Senior- White, f.e.s. Price, As. 12 or te* 


VETERIMARV SERIES 

Vol. Ill, No. IV. Studies in Rinderpest, by W, A# POOE, M.R.O.V.S., and T. M. 0OYLK, 
F r.O-V.s. Price, B. 1 or Is. 44. 

Vol. HI, No. V. Etiolojry of Equine Contagious Abortion in India, by T. M. Doyle, 
F.R.C.V.S, Price, As; 8 or 94# 


BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH 
INSTITUTE, PUSA • 

A Survey of the Indian Poppy-growing Districts for Morphine Content of 
Opium protluced. by H. E. Annett, i»,sc. (Loud.), F.I.O., M.S.E.A.<7., Haki DaS 
Sen, M.Hc.. and Har Dayal singh, b.sc. Price, As. 2. 

Experiments with Castor Seed Conducted at Babour, by 0. Somers TayLOR, b.A. 
Price, As. 3. 

TheSavinirof Irrigation Waterin Wheat Browing, by ALBERT Howard, 0.LE., M,A., 
and Oabriklle L. 0 Howard, m.a. Price. Ah. 4. 

The Agficultur d Development of Baluchistan, by Albbrt Howard, C.LE.j M.a.. 
and (taBrielle L. 0. Howard, M.A. Price, As. 6. 

.The Sei urn Simultaneous Method of Inoculation against Hi nderpest, by W. A. 
Pool, M.K.o v-8. Price. As. *2. 

Notes on Contagious Abortion in Pony and Donkey Mares, by B. Branford, 
M.R.O.Y.S,, and T. M. Doyle. F.R.C.V.S, Price. As. 6. 

Pusa 12 and Pnsa4 in the Central (Mrde of the United Provinces, by B. O. Burt, 
m.b.e„ b.so., f.o.s*, Albert Howard, c.i.e., m.a., and Gabribllk L. O. Howard, 
M.A. Price, As. U. 

The BundelHhand OoHons. Experiments in their Improvement by pure Line 
Selection, by B. O. Bdbt, b.sc., F.C.S., and Nizamuduin Haidar# 

price As. 4. ■ ■ 

Safflower Oili by Albert Howard, o.i.e., m.a., and J. Stewart Remington. 
Price, As 4. . ^ ^ 

The VVeevil Fauna of South India with special reference to Species of Economic 
Impoitance, by T. V. Bamakrihhna AYYar, b.a., F.K.S., F.Z.s. Price, R. 14. 

Oawn pore- American Cotton, 11. Further Field Trials (1918~2D), Spinning Trials 
and Market Urganization, by B. O. Burt, B.sc. Price. As. L 

Coconut Bleeding Disease, by S. SundararaMAN. m.a# Price, As. 8. 

JEfdmifdAo»pmium Uiaense of Rice, by S. SundaRARaman, m.a# Pric% As. 9. 

The Preparation of Anti-riiiderpe»t Serum u^ing Animals of moderate Husoeptibility 
as Virus Prodiicer.s, Part I. Budaloas, by W. A, Fool, m.r.o.y.S., and 1*. M. 
Doyle. F R.av.8, Price. As. « 

Feeding Experiments at Government Cattle Farm, Hissar, by B. BRANFORD, 
M.R o. V.B., and E. Sewell, m.o., m r.c.v s. F» ice. As, S. 

An Entotiiologist’s Crop Pest Caleudu’ for the M».d*’as Presidency, by T. v, 
BaMAKHISHNA AYYAR, B.A., F.E.s., F.Z 8. P* ice, As. 2. ^ ^ , 

Repot t c»f Campaign against mauHUtit Boisd. {N^ocCuidcs) itx Malabar, 

by E. Ballard, B.A., F,E.s, Price, As.^.- . 


No. 116. 

No. 117. 
No, 118. 
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No. 122. 

No. 123. 

No. 124. 
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ISSIIEP Bt THE A^HICULTHHAE «ESEA«Cil 
IliSTITPTE, PHSA-(c<»cM,) 

Ho* K-ili liasaHs of liiventigalion of Bionomics of gos$yimiiaf .Siiimilare, in South 

India, toijothar with some notOB on JSurias instiimm and l^./ahln, by E* BiLi&Rli, 
B.A.» F.B.s. Price, As. h. , 

Ho. 134. Suppleraentery Observations on Borers in Suf?arcaiie, Rice, etc., by C. C. CShobh, 
B.A. Price, As. 6. . . 

Ho* 135. Some Observations on the Control of Field Hats in tbe Pimjab, by M. A. Eubsain, 
M.A,, ami Hem Sinoh Pkuthi, m.Sc. Price, A, 1. {Om6 'Of priuL) 

Ho. 136, The Hydroi^en ion Concentrations of some Indian Soils and Plant Juices, by 
W, R. C. Atkins, Price,. As. 4. ' 

Ho. 13?. Hoteon the Probability of an Inter-relation between the Ijengtb of the Stigfinaand 
that of the Fibre in some forms of the genus by Ram Prasaii. Price, 

' ' As. 4. , 

Ho. 138. Methods of HJxamination of certain Characters in Cotton, by (4. R. Hudson, 8. sc. 
Price, Aa. 8. , 

Ho. 139. liist of Publications on Indian Entomology, 192t}-‘2l (compiled by tho Imperial 
Entomologist). Price, R. I . 

Ho. 140. The Determination of Prussic Acid in Burma Beans {PAa«i?o/w# Preli- 

minary Hote, by d. Charlton, B. sc. Price, As. 3, 

Ho, 141, Comparative Manurial Value of the whole plants and the different parbsof Creen 
Manures, by H. V, JosHi, B. A., m.sc., L.Ag, Price, As, 6. 

Ho. 142. The Cultivation of Lac in the Plains of India, by C, H. Mlsra, b.a. Price, R. 1-8. 

Ho. 143, Ber {J^izpphus Jnjuba) Fruit and its Fly Pest, by J. L. Kh are, f. K.B. Price, As, B. 

Ho. 144. Observations on the Morphology and Life-cycle of ifilaria rnmndita Grassi, by 
M. Anant Naeayan Kao. Price, As. 6. 

Ho. 145. Some Observations on the Barren Boils of Lower Bari Doab Colony in the Punjab, 
by S.M. HASiE. Price, As. 3. ■ ^ 

Ho, 146. The Prevention of Huiaanc^ caused by the Parboiling of Faddy, by J* CHARLTON, 
BSo,,A i.a. {Jn the 

Ho. 14?. List of PubUeations on Indian Entomology, 1922, compiled by the Imperid 
Entomologist. {In the press,) 

Ho. 148. The Relative Responsibility of Physical Heat and Micro-organisms for the Hot 
^ Weather Rotting of Potatoes in Western India, by B. L. A.ikekah, b.a. {In the 
%}fess,) 

Ho. 119. A Study of the Factors Operative in the value of Green Manure, by B. H. WHiiDOK, 
B.A., i.R.s,, F. E. Lander, m.a., d.ho., A.i.a, and M* Mi kand Lai*. {In th$ 
fjress.) 

Ho. 150* The Improvement of Ifodder and Forage in India. (Papers read l>efor© a Joint 
Meeting of the Sections of Agriculture and Botany, Indian Science Congress, 
Lucknow, 1923). edited by Cabrielle L. C. Howard, m.a. {Inthe prm,) 

Ho. 151* A Method for the Accurate Determination of Carbonic Acid present as Carootiats 
in Soils, by Phani Bh 0SAK San YAL, M.SO. {In the press,) 


INDIGO PUBLICATIONS J 

Ho. 11. The Nature of changes occurring in the Indigo Steeping Vat, II, by W. A. Davis, 
B.SC.. A.c.G.i. Price, E. 1-10. 

Ho* 12, Indigo Experiments, 1922. (Ij The effect on produce when vat liquor is allowed to 
stand in the heating vat and beating is delayed ; (2) The effect of neutralizing the 
liquor with caustic soda before beating, by J. H, WaLTON, M.A., M.sc, (in af/ie 
press,) 


BOOKS 

Wheat in India, by Ai*bbrt HOWARD, M.A,, A,R.C.S.. F.L.8., and Gabrikllk h, 0* 
Howard, AKA. 288 pp. Price, Hs. 5 or 7^, 6d, 

A Description of the ,i*Dperial Bacteriological Laboratory, Muktesar; Its Work and 
Products, by Ma.ior J. D. E. Holmes, m.a., d.sc., m,h.c.v.s. Price, As. 8or9d. 
Agriculture in India, by James Mackenna, m.a., I.C.S* Price, As. 4 or 5d. 

Some Diseases of Cattle in India. A Handbo«!|^for Stock-owners. Price, As* 8 or 9d. 
Report on the Diseases of Silkworms in India, by A. Fkinglk Jameson, D.Sc* Price, Ks. 3. 
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